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I 



<jK i(> oL>. J< uu cell Stem 3_lc j^>JI SLiLJJI 

4_ixJl^ d j £L_lL>. i " < -r i I (_P-^>- d IJJ taj 

(ilj^lj dlLj ta * II (j-o JjJ^jlII tiJLufc I *j 1 c j 

Ljjij^>.j 2 ti4jjL^>JI Sj_lj>.^I 2jjVI 

jjU"tlj l j >.^Jj j Jl $\ o \c jj-* ' laJa 3 u j I 



.2jIj_jJIj f_jLij^*]\ jj tali I 1 J 4_Lxjj^>JI I_l>. jjj j j tl 
*jj fljca jj taj 1 1 4_ui_uL>J1 cL^aJLll ^jl LlL>> ^ w t j 

3 \ DNA j! LijJI j! _ a_^i^JLJ S-^lj^JI S^UI ^ 
^1 Lila. «dijL^ jJa _ Genome ^^Il^JI 




'a^claJlTi. iItII 



jj* L}L>JI (ja Laj—uL (j_c 2_;_£ijLjJI 2_lL>JI I <i a !2_jL>JLi 2 U ; —t I 

_ d A h-^-t I j 1 1, ->J1 L^Li. jj^o »1 < nl _ ■ LaAH> I i(_jSukjm (^Ijj-II Lja: al \)J 

ii Jls. L»£ i LjjJsj j_uJuJI Jj L&JI jCLsj jsJ CjLll». (J^ <Lj3 j-aLj-jj 

( _ ;r 3 C-cLu <J1jL-l>JI aJJt (jl (JJ^J L*^ 'lij^* - ^' CjLLt.->JI (j-o Lkj-tc j-a 
^Lo* "j;'- (jj-i LijL £jLaj Ct^tj I o 4 I ^ j mi (_Lvj>o L-^-il (j_ajJ1 cL>.j 

ijjj t i .i tl ^^^j^sLU f^^Js IjlSLifc (jSL joJ j»Ll J's i"i_) 4_lL>JI ( _ ;r 3 ^jij^>Jt .(Jj^>- 

(j-i 't i n 1 1 j_^o ~ ■ < a * lL\j i n i U u >J I (Jjt_j>.j cjj_j>. ^jJI I o a (jj) 

(j^. CjjL^ejj (jl jjj-fljtil (j^o (j inl'g I jj )S J j ri<"itl ,j^o Sjj5c_«I,l d j li j*C 11 j cL>-jjJl 
(_t\)Ij j<ukl iSjjjcjjJI cU£.jiJ>Jl cLlL>J1 L^aj ir-i-%. ijJLllj ^_jJl L}L». 

t;r L^)Ulj ,jj<-o^l - \—xjj—lm jjj - (jl (jjj (j^o i Lj_ <il 1 — 

l^U I iltl (j-3 (jJlJj <_JJI (j^O 

Mjas Injili j_Lo (jjj.uSL!! JL (JJL<ii Lj>^>.j ^ib^o (jLa j»^«-*JI cj-^J 

Ij j i n n' I jj-uaj (^ySLij 'lS- 3 '-- 0 J-d-^- ^Li^ol Jij^al! (jl (jj_JLjI,l d i n^LaJl Jj-Sj 
-ij^>-J (j-o i m t d-iSLI i LjJLjJLa* I -ij^-J (J-"^ ^ ' ' J " r j ' (j"*" 3 ' ^Aj^"-^ 
ei A , „M Atl jojtl nj^Jo^Lal (jLa LuJLSj iS^SLaJI j 4jj «i i n j dJLj-S^». J-J-^I 

i n't VI (^J» Lo «lltl 4jjU! (J^ (j! (jlc dlff ml'g OooLa l( jljJLjII 

JSL! iiiJ-^>- joJLc jj» (^^J-C joJLc jjjs Sji^>-j^o dJLusi j-j-^I Cj|jij^>-j-a (j^a 

tiLcjJ^JI j i^-itll ^ Jij-4 (jjU^I i-apiiiljrill ,j£LI !dJ Jlla djijjIaJI ^ Ji^- >o 

^pJI 2 ^ lUtl 5_Jl_m SjiLs (^J! i_al i'^La -^-^j j»>LSLII I ju* (j! (_j!j 

(JJLuij 1 'l uaj djLj-jJaJI (^ tiJLjj*» (jl (j^jJlfm sLfljjj^LaJI L^J (_JjLj 

4j_uJaJ I (jl j^i (jl-J i^jjUIj <LlIIiUI (j-u JaJj w S la ' 1 1 JUljJI 'Hj^j w ^ 1 -^J 
4jjLo dJtJ^Ja ji djf (j^o JLiV (jlc^l j<jJL«JI (jLa (jlc:! (<JLc: (j-o ditjjij I jl 

.>! i^-illL ri.i>- i n ill Oool J Loj i(_U^5^/l (JjUaj (jl JuV <ir mlll '. UllLo 

,_jjJaj (jl K" i n !j_l«jJIj jLiajiLi p t m ~j idi! Liajf ,_UoVl (jl^ j^iilil J 

jl i^iLiJI Ljj <^JJL»-J (j^JI <2j^LJI (^k: (jSLJ JJLu» «UJI t_u»j (^jJI 
(dJlla tluK Loj <(jsej Laj d^iiJI OjK Lo j_i_i^JI di!j V^Jj .il i^"ll |jL4 
(jl >_u-a^jJ I j iSjUswIj SjLs~j I (jlt-»oj L»JU>-jIL3 jljui^/l (j-u i g l i n <i" (_^lll i^j-i!l 
OjL^ Lo-Ll tw . <Lj1>JL9 ),_y3jLi £-a I ^ liaju I ^ r 1 j-^a J!vLi- (j^ j<CO 3jL>-^JI ajjt 



^>9f gJI Jjfl'ls'^ilAjJI'j» jl^ll 



<JliLjj£UI ojui (j^o p'-* (J^ t_u*j-J (jl-J L^jUj^Lo -i'"'' OjL£ 4 Laj i gj 
(JLug-a )VI <LlL«x. pjJ (_^>- S-'^^J 0*4 ^ i j * " (J^ (J^>jJ <_^i-VI i>L>ijV 'l ' ^ " 

^]\ A ^ , „ 'r, 'A I 4_lL^J I ' a ' o j U" ' " ) V ^ ... A 1 «jll ( _ ;r ^J ol liaj jj-o I 1 j Lu 

OcJe-i-ualj 1_j_u*j lj-J-*J dij-J-ij 3jL>.|j 4_tlie-3 .«Jlij—jJij JL3 L^ji (£j-<-u (jrtJLxL>. 

«Lu ^1 SjL^iil _ (2r> i mi 11 (j-y^Lij (j-u^VLa j-^- - I *' 'j * j 1 " L* n^u_jli. 
LLujij (_^-!l j-jjLjJI Sj_Li.^/l d o KTI j ! L^yLiJI <Jiilj cr*" 

^ i.m mt| jJt, (\,L£ j_lJL1II (jl jl _ (JLcJJLjJI I JJt, JJJ-Sj J^i ^lc _ lj^-l£ 

(_3^_t_0 LvO ^-Ij^ '(j^l 4 jlf ^^j-A LvO (^jJl i3jOsL>. jl «L-L^S* (ll j-LU J LtiVl J^ UOj 

JLs. I (jL£j t(j-U.*.aJI (j-LJ^Lo JL*-J (yj. J I (J\ '1 1 n 11 l_aVT JL*J d _l Ir (jj£i 

jj-o <t_uM (_y-ojj La (j' .(jjjSjJI jl lo"i 1 1 <Lj_<ji_ujJI d-aJu-u^/l 

1_u_lj>J, j_l_UI (^IjjJI CjJL^>JI <t_*jLj_o Jjj (j^e-t3 J JU» 1_ujJU>J jjL-u 
«.Ijl <_iLlj| Loj <ijjj^Lill JUlj-3 . JLSjJ.1 (_^L>JI t_i-£j_l!l dlljuj 3jjj*aJI 

<Lj*^>JLi Uj^-jJe-jJ (jj—ubj _i n 11 ^1 ijt-i (1,1 (j^. 3j\_i_*j iJliLa- K i"i qjs p <j i t j 

Big bang pjktll jLs^AjVI <j^ VI j^Lb pJ (jj£L!l j ji>»->II jL ajjL«J,Lij 
|jLa> ^ Scr <5i «t-I^pj ^lj i^jJl j ^*'(^ ^Lc (j^Jj ^ V , V (j-o < t j>Sj Lo jlLo 
pj Vjl »1 1^1 Ali jLscjLi Iju (jJjJl (j! IjJLaj . ^Ij^ij jlj ^ "1 ml {jjs ^ 1 n ~j (j_jSLtl 
^Jl »1 ua-aJI Iju» L^-lIc j 1 "jj L*jlj*j cj~^' »1 j i"i^?1 ojLSj (jLiJI (jl-^ 

<LuaJ a L^jI ^ «-J-jJaJI ^UaJ J^-" 2j_aL>- jl 4_ »1 Cj La^iiJ, I j . J_LaXI 
dJij^>. 4jj 1j o "i i n 1 . Ia A i (JiiL3^L«JI oJJt jl (Jl uajVI I JL&j i(j a « jj Lg-ua_»j 

(jl_3 Jl _^^/l . jJLllj ^j_l!Ij (jji^o^/l pJI j_c j-^J-CJ (jILll lilJj iSjUJ—C 

2Uj uj LLa 31_l^»JI j id-;^ ojK LL* SjI JL.JI j SjI ju ^ LgJ juV (jK <j| j_JI 

J' 

JyilSLll JU_SjOJ| j 2jj|j_«_L J iVI Sjiwii aJaLui-JI «JL* t_J^ ^ <_3 JL3 1 jSLJ idjLiJJ 
jj_a_lll (j-o Lo I «i (j oj-b 4jj1j "i i nVlj (iLojJI (j! (^^Jut^j .i_3LLai.l 3jL$j iJ ^s 
L*LaJj („Sj.u jl LaLaJj '"'l j fljJlj 4ja_L>JU i_3jjJaJI i—clt-Lll jj Laj I Ij 

(j-o JL>.Lj (jrt t" i n" V tiili ^j-Aj .i it i^ill JUJUtaJI L^J^Ja 3l_L>JI <LutLo 
^^1 u-Ai JLu iSj_<IiLuj dJLjjJaj I g^j J>_>i Sjjejji jl djn-^ (_Jj^ jl ^jL>JI 

. M bS3l j^T^ ^1 (*) 




'a^claJI'ft. iItII 



i <i miII jj* j_uijj|j . {_j 7i j " 1 j j o "i < d" I ^ "i I ui I (j-o jalajj I ^ mi n 1 ^_ya (Jj-*J 
ill.iL»JI j-utill |ju»J idJ£ (ja£JI ur^J ''W^' Cr^ ^ - ' ' ^ 

(_3j-ju 4_ua*u>. d-Jjl^ M^a^ fiLauSjG 3j-ujLua j j C cuaj^-Laj Sj—tluLua al * mi t, ^1 ^a_uj 
JljvIj i_3J_a> dlal mi j II ju5JU 2 U 1 1 (_3ajiaJI J£j 0 . JaJ| ujL=t_uVLi 

I 1 M a J J *~ j I Lu 1 J l"lT ^-U_lJ J-^ J ^ * 4^^111 1^ J J fl * **' 1 1 J ^ (3 1 ' " ^ M' ' ^ 

^jjl m i n 4jI (jl VI Lufc lL1Lq-s V /aSljtt-a ^Jjl m f n <Li£LI t^j 'a * Jl (jlaJ 1—4^ <Li 

s^;^ J£ Uij-*i dri 1 -*-" u>V*j .'^**^ J- 4 J-"»J LiCJ (jSL! . j_uu>JI £ *-^' «Uuusj 

Lu 'i/ (jSLSj 1 1 jJLa La i aJ (j-a ^<u& J iLsj (j-ajj Lu "'s/ V i<n Jail (j-LI jJs ^1 
JL>-_4J joJ i^Luili^l <U_uJa S-Sa^a-a (j-ujjlJLa (j^o d-Jx. ljJLa-°i£.l La (jl_i (j^ajj 
I (jlt -yj i ( _ ;T jjj^>Jlj (_gjj-!l ("/4^" miU * (j-a (j .' 111 ° J^-^ 1 3jL*_a L^j^ VI 

(JjjJa j _i miII ^1 Lua T u y ri-lal i n Jl £3 jG i hji^ mJj-(J Lu» (jil . Luli (_Lj-«J 
<LS_lSjs.j <LlL>JI dJLuia* tilli jjl (_^L mJju i4jLii! <LaSua_a djjjjiaj J j*' t*ill 
. (ju"La J£ ^ LjaJ» jj^ij (jVI LgJ ja-us ^ (jati (^IJI SLpJI 

<Ul3 j_a * ( _ ;r jli (J^ jIj_2TLuV jj-UujJI jj-LJ^La cLua-fljl j jC-ttgjJI jLsjsjVI Ju*j 
dja-ujij o_uL_4j£ jlj-a ^y> diLiu JiS (jlsj'^l , n ^W-^^ L)' - > ^ LJL i ^j\j^aj 

j_a Lg^iaju J-«->u iLaLu Lil jaj-flt *la^j_jua jljja ( _ ;r J»J iLij_i£. (jjj du^aj. 

4jI JujJI JS-ii t- "II I jui (j! JLIjj . L^JLIjoI JujJLI ^iifl "i I (jiutJ 
. CjLuKj ui jjlj La jf RNA 

jujlj m;! 'j»^ U^^W 2 sijjiT (^Lc juju La jlJU Ribo-organisms 

S I JJt CjJl>. i nj 1 ^ (JjLo (JI-j-uJ Jtij ^lJt!^ 1 L>J^ ^•- u * (J^J^^ u-i£j^ jlj S" i ul J 
udJj CjjlSJ j-usLulII j CjIjjdJ d J Sj)-LflJI J 4-uLuajSLll ajL_uJaJI (jl (jj^J JiSj 

(jiM^JI (j-Aj c^J^' C^t-uf oL>uVlj j-aua^-iJI ^1 3l->j mi Jl j|_jj,l 

^ o$\ ^^>-^X\ DNA LjJI j_uu? Jl^>. ^Jl <Lu1j jK^jJlj i^j>Lll 
«Lu^JI J^sf <ufj i Vjf (jj£u mj jJI jji Lij o? dthi^ udLuij . LL>Li. 

Jajlj Lj (jl JLSjj ."LtlLaVl (j^Lu^Vl (j^ aUjMiill j|_4J,l ,_L3j Jj LijJI JjS 

Transcriptionalj^dLX cjLjLu^ ^ <U^. La M;"i,,ia a , „ n'i o^yi ^ j^LLiiij 
(_)iuu jaLajI ^^l^. j-ast^j i<Lc^j (jja ^ S h <i , n n'i ^ . n 'u iCatalyst j_aL->.j factor 



^>9f gJI JjLo'lga^l-^JI'ft. jl^ll 



f I j (jjoj ,2j < " m < 3Lj_>JI .- 1 S ' I 4_aj5UI 4jjJj_UaJI d . „ . II i-Al i- I A"tl 

( _ ;T SLI Sj-iIl^ (j-LjL>.| LuLaJj J^tjj ijjliill <LaL>JLI Uj diUbjj». (jl 4 mi 
UjJ (jj^J.1 ijj*JI (_)-aJ (j-a (J^j-o uiJ Ij-2j Uj u^lS IjiTUjj l*j^>- (jj£j 

L*Ujj jj^*.' Uj ' ^ *.' £ ^!-y- a ^l (_psL«^>.VI i dj j luj (j£. (Jjj i n 1, 1 j ( _ ;r ^j_uj_jjjJI 
(Jlalll «LLgj-oj <LLiU j_i£ SjLa Uj (jl i_3jjjj«J,l 1 j J oj .^njlAjJI (jjj^Jl! 
La i^Uaia *UiLj| Wi i uj V L*iIjJj i<LLtlj3 CjLcU-o jjJI Jj^sj Ju3 j-j-uaS CjSj 

«jok (jLa diljJ <i " i ,iVI j *L5_JI jjij Lbj-j».j (j^a j_<_i£LII i_3Jl^JI ^-aLi; 

(j_a 3Jlj>-Ij <^li : L^.JJ_l_lj Sj^cLa 1 j_a dij_j-C. litJJ- iLjj ljr tt: Uj (j^a «Jl1Jlj>. <Lje_o±j 

«cj» j^aLiiiJI cjjLli.1 Uracil (U) «^p» Jj mlj^l (>o Vj^a ij-jjVI Lij^l^ja 
Adenine (A)»!» (j^-oVl ^^jtj ^ui^j^iuJI j^l^l a_^_i La! ^Thiamine (T) 
Lnj-aj». c^-S-Ja Cytosine (C) <(<jj» in-jj".; mil j Guanine (G) «£» j^>JI j 

.p JSLiJI jJ^I) ( Y ) Uj ^ oUK La£ Uj 4iU 





(jl (J^a^/I (jlc j— «J l— i Lj j £ya Ijlj 7t~ uA j_j-£|j IjLjj JLjil Ljjj 

t — mJj^J 4 > uni t J-k^eJ (j' (Jj^Vt Ljj (j-u-y («Ia ijj-ajJI 

:4_cl jj| £-j_a^*ij Lj jj jLi^> jl oj JAJ La-ij-£ Li.5 (j^-^ ' ^J^f^l ^j- 5 

. (rRNA. ,tRNA ,mRNA) /\ ^j^j^JI Ujj JaLUI Ujj Jj-^jJI Uj 

j S j ■ ulj /aJ Jl_S 4_uIjl_jJI 4_jJL>JI ( _ ;r i *(_gj-j>- /a_ikl C t-i— j lTlj (jL-3 IjL^Likj 

,_JjJj J-tH 5 * (y' C"*"^ 'f^^' ' <*i a 4jjj_^3 i". I o "i 4_I,L*_a O-se-UaJ I J 
j_ljJL1!I Cjljl^-V 2JT j-J^i- L^-il I «i l"i a LaLu i mi i 1 1 j_i_it.ll I —JJJL». fj\c 
J-L_ £_aLij.j 1^1 a-b 2_uljjJI 3_UI (j-asj L_J_! (jVI JL»-JJ "^tH*- -421 j 

juji_>. (__». (j-L - »1 Ur I j__ ^Lillj i 4 1 1. A'i ^ 1 1. 'i j_b (Jj^l :irw j mi (jJLc- 

.tLcjj <j-a 4_ J-La^a 
SjjjVl a_ajj__ 2_lJjV| ^jj—iJjJI (j? 31.1 ih jU 4_____]|j 

( LUCA) Last universal L_y u <i ml ^1 _ Ljj_l1___L_ Prokaryotes 
j-_-T >a>j i j__i_i.Vl _J j ~ 'i U ^L_JI i h\ mil /\ common ancestor 

Lgj_La *__! (__3 I fl m A'i JL^_*_ ^<si _ 3j_j__i CjLLlj». (__3 j»j-jJI LL*_a — Jj " "ij 

L«_j .( r ) 4_uL_a_t_JI a_JjVl _ljll J_ L$j 4__u ^-a cAh" c-* ^1 «'M' j>" 
LjjL_«_i1JI oLjjSLU lilli (j? Antonio Lazcano jjl_£jV j_LjjJijf Jj 2j 
prebiotic soup ^Ijl-JI »1 m ->JI ^ S-so^-j-^ c^iLZ ^1 jjJI ^j-jtJL! 
(j^iij iJjlj La-ta UjJI «mj3^>- j»LS I liaj j 4 i . i A i ^IlA-lII »1 m-» J 
( _ ;T £LJ ^jI£Ljjj ^ i ■■ jj ^ i n i j 5 U j . ,. j II 2_ul_i_4_iSLJI <*<M c 1 3 1 1 „I , „ 

^*^a 4_L_JL_u Cj J >*J CjIj_L_u^ CjIj_L_u 4 ^ ^aj!\ a £-a^ • ^ (^,-2 u 

(jji^LuJ ' ^j 1 ^ I t"nj CjLSj^j>JI ^«i iCjl_a^lj_lll j '"'Ij ala Ilj Cj^J-cLHII 

CjLjj^>>JI oJLik jj t->" ^SLJj . L^Jj-a LaLaj mJj^s-I CjISj^jj- 03^J ^ c -^-*-'- : ?"' 

^,£1! Lj3-j— 1 i-ajjJaJI j-sIjJLj (j? ju^Ls Lo «Mjj.^. I ^ j a Laj 

L^J (jjij (jLj i L^jI A i^i JiaLso 'Ll^». 4_Lt£La ^Llj| jjk t_>£j_lll Ijuk 

( _ ;T £Llj .«LLill I ^ rjj tj^c 2ik3L>J,l ( _ ? J-c.j I ^ i ii A j Sjj_SJI 

La^ '2-jJjf 4jjjj (^La^-f J>^3 (J-a (J^-lj-LI mJJ^I ^ JLlV (jl£ liJJj ^^==J 
2Jj_Laj (jL£ jj^JJ-^' 'OHSW Cr^ *jJl2JII i-LLL l aj joj (j-aj i Ljj_iil 

au, ,„ itl ^jjVl .au, ,„ Jl ^jVl a^ji s llJ ^jVi oLLdJI 



^>9f gJI Jjfl'ls'^ilAjJI'j» jl^ll 



oLjjl i jSJI ^ a » < (j-lc. "• jJi L>!vL>JI ajui «I 2j a_g_ri_<Ljj . (jr jl_Ju_c 

.5 U_, , nj cjLi^p djl j L^LiJI ajui c^jLS" Uj 2 U_, ^1 1 4jj-jJI ^ 3jjj>.jJ.I 
j»JL»J ■ La 5_a (j-"^ '^JJJ- 1 ^ 3 lS- 5 J-i^- 'j-*' t — '^dj -1 ! «ytlla (jLa 

4jV I uajf (^£1! ilaj, uul\ ^Ij-JI 2-j1>JI i^Ss oLajj-iVI oj-gJ *Lij j-aljf 
j j i ii j CjLuj—iVL I j » a a 4_tL>JI ^LL>>j 3j_3_*_a Cj\ jJ Laj a JL^jj V 



<J£ Lilj^>.| JL3 (jLS" 3njja 4^jj>^i 2_2j^IaJI ojl$J SLljJI StAj La_aj 

aju* ^ ih aj «Ij^j^jJI j_|_aJljj Stanley Miller jlL-a Cr L\~ m ,j-a 
^L«JI j^Llj^i 2_«_aLjtij Harold Urey ^jjj jJjjL* 2_LiejjLL!l ijj^iJI 
^j^l SLljJI St uli *LiM Lkjjjvj i A~ » 1 1 I j i ..A'. (_ajj_Lkl| L_uk cio-p. i ^OT 

Jj_2j (_^jJI I j ■ ■■ A ' <— ul—i-a-^iSLll ,j\alj_*JI j ' " ' I j A 1 1 jjjj (jl ^mh'^ i Lila-t-a 

^jj ^ itiJI juT a^jj>.j j»jL»J jr^*- ' " £j V 1 La^> V" 1 11 j ja-Jj ' ^jj^J-^^'j «U.lj 
(^jjLijI jj_L<-u£LJI ^^jjJI (jUl »JI J\ S I a— £ j j U*. II Jj! A_j tiJJj j *j 

^ John Haldane (jlaJL* (jj >■ e^^^i; ^'j Alexander I. Oparin 

iSjjjLSJI (Ji.|_j ^ £ ui 3^-^! 1 >' t' J .(yiUl (jj—SJI CjI jm'^j 

Ijj-jvj LgJL>.|j djLjj£lil Jjlitjjj iSjjjLSJI Ji-lj JjJL>J,l jlj_a-j>-l Ijk-wV 

jJt La£j i c) Uj 1 gj cLtLcal (_p3LaJ>-lj QaJj^LJI j n^iir L^J uaC jlj^ L^J 

JUu (^pJlj iCliLLiJjij-jll £U_<jiLi^VI sLljJUI i _ ;r ik iUtLLa^l ,_p3La^>.^l (jl i_3jj_»_a 

i_jjL>o i.*i<-»- mi . I (j <j 2_lj>JI eJijLtsjJLi ^1 U 1 W\ Folding oLW 
.UJI aj_aLaij Juan Oro Ijjjf j^- 1 ! jMjaj ^Ll^, 

i^jjjjJI ,_p3La^^l L^J OJ^-" Cr^' '1-Sjj-LaJI 4ij-»JL 

\a ju_aJjJ j llj a L^-aJLj-"i i nl <lLsL<j»j jlj-a ^>JLja- " i nj (jl (j,!^ 




'a^LckaJI'ft. iItII 



^JJ Hydrogen cyanide (HCN) £r ' j j 11 J « Co\— a 

1 3 uufcjua S^Oill c^jl^j ( H20 *UI ^ Ammonia (NH3) Luj>»VI 
^ Ji-Jj (jlllj Adenine «f» j^-Lp^l 2_d^jj_j_uJI 3j_cLill c^jjSi jj 

^HaT^I ^dJi jl^ ATP o l a ..^ Ali o^lpVl a_aLLU 

JL-ul j i .i .lL>>j| j-a (_fj^i.VI cL-i-Li-^- Jjjj-L-Ll I J_clj_ZJI ^ j flj jjj^j »1 «i U II 

L_uk (j aj ItiJI j_jT j^ljLjJI »1 i ii -»JI C^jL£ L gj^>~\ £-a (j-l^-JJ^J {j II 

4_uLjj_i_iij|j ^-ul- L a- j S L ll I i^mI ua a- 4_jj_U2_*JI jIjJLI J t" i uj jl VI ^ ii j "n V 
!^hj->^\ i_t-ij£j_iLI se i ■— -> V 1 g^a_cJI J-^tj ^Vl LgjkLjoL£ '(jrlT J £ ifuJ 
£_« | ^ ,>> uj CjLjj3^>JI j-a jjjiljji] <L*_u-j j-pi.1 (_gjJlj i^L*La La jajj-iV 
jl (jial^laLij .<_l!I jjT 4 Uj->J,I 4-Sj-jJI j-a (jj-ai. «iLejLij (_fj^>.VI jj.5 O^"^ 
jj.5 LkjLLi.1 (_gjJI 4 i n A'i ^sjjjVI jjj£!j ( _ ;r j3 (JlilJU (jjil CjLljj^><-!l tfj-A 

juuj .^IjJI «iLijJI j^tjj j»La^U J i .i 1 1 m" tJJ £ j a" i nl Sjjjdl jLa IjJ iUjj£ 

(J£ idjAi^'tl Lalj tLijs^ill Lal jaJ ijLpi-VI CjJLaj CjIjjJuM j-a JUJUuM 

(_gjjM 3l_i^>JI Jj ua -»J I (_^J^>- JL-J-Z-*_lII j^j-lll (JrHy 

ljr <CL»l\ jjU'tl (Ji-JU j j rVt (j I (j-a JLiV Lukj . ^1 i .i ii 'i VI ^jU" i uJ 

5 j' 

jja (JS[ ""i cilt-L^. i_pl£!jJlj I m_2 )VI 4_cLU^> j»L£L».V j-\ ' < " II j^^L-a i^Jk— a 
. LjLu jj£|j I JuJgju CjIjj^>. LoejjJG d taj i u j II sLtLLaVI ,_p3La^>.VI uJUk 

4 jl -»JI i _ ;r 3 Sjj^>-jJ,l 4_u_i_aVI (^jlsLa^.VI O^-lj jj_LajJI (Jj>-3 jl^ «i ~ ml £-a_J 
( _ ;r ic SjJLaJI jaJ jj-aj ilLLI utjJlj 1 J S «'N (^1 i— ajL^j Sjjj i aj ^-a-ij 4 Laj i u j II 
j^ SjjIajJLI <_3jj_laiJ L«-p (j\ i i ii II j-a (_ ;r ic SjuIjlLa SjUJLj». CjLLujjj - LLa C \ 
(jj£LI,l Ljj (_gjjjJI (j^i o ->JI J^Li. (j-aj . Ltj j f j «I j_c.j 4_l_i_ij ^l_La 

i 3jj U" 1, 1 L^LjJI f^jjs jj^>.jJ,lj ((jAjjj—AJj ^jj-iJI o -»-l I ( _ ;r x^LjjVI 

(_Uv»JI 5-ajt^iia JLaj^l I a CjJL>.j ^Lta LjLa-b j A ""i 4_uljjJI SjlJLI CjI JU 
i Ljjj-ajkV Ljj CjjuiaJa 7i j Uj 4jjIj a" i uVI I j j > uj CjJLj>-j La^ 4_iL>JI 
CjI i j Ca«.\—>. jijj (j-aj i4_j_L> "^Jj " J i II J— clj— SJI t_t-U_^J *Lj>- L_ik (j-aj 
^gjLa—i^LIl »1 m - »JI ,j_a I ^ i n A'i 4_jJL>JI Ji-lj (jpjj—jJI ^ i i^> j^. SJj j i n 1 ,1 
^ SjUJL». (_ajLLij «Juli 

■ 



^>9f gJI JjLo'lga^l-^JI'ft. jl^ll 



^&~u 4-ul_La_i£ Cj^LcLaj -Sj^-J L*-l^I j I JU j| 1 I J j 2 »"' JJ-^ 3 Cr -3 '- '.t*»- J JL3 

Lg_aLa.ll _.j_2_ i__lj___*_a j\ CjLajjjJ (__JI ^L__>_l .-Afl c I A*. 1 1 ajukj i Lg-L-i 
^ Laj >J I 4__uJI Jua-L-J L^L>JI CjIju l_L_s (j-aj • L^jLSj _J_4-*-J 

(j^jj <lS_ljJI (j^j I a"J| gjj <jmu>.j i j 2JL<jijJI cjLAta <Lj-jJj 

(j -« Sj LLi_ a| I JUkLii (J^J LkLo ( _ ;r 3 I j I a. I > j A u/j ,_L-5c_<ji *LjJL>JI O I Ala" a 

(Jj^o lillj jl_ *j 4_iJL>JI Cjj>-Ij j<ij .4j L-#J j^u (jj-JI cjIjl^».VI tS3_jzt3 

i _ ;r ic- -iLaJLcVI ^1 (Jj^U 4-jJL>JI C^jLi I jjj iSjUJLC d_ul_La_i£ Js\j-a Sjjj^j 
<jjjU"tl (j\ i i n tl <j-\j^J_a Jj)j— a .<_SLLaJI (Jj ua -»JI I (j < n .Vi 

^IjJUAjjjiJL^ Lg.U-b 4lUaJI 3_JLc 2_uLp4-i£L!l jljll (j-Lu 4-tii>JI i.-.ti.^T 
(j^jJI JJJ-a "-«J 'ly^J (JrH-*-^W ^Llij I ij Sjj^vjJLI 4-!Li_jJI (j (i «i mi (_ya 

tjjj>.] L}L>. JrtU'tl 3Uj ih jtl 2_JjVl L}L>JI 0 ^ «j cufju I »J->jT 

L^JjLa 1 1-1 1" ^eJ i*i (_yj.ll (jj- 5 LH* er^" 3 LgJLs-lj CjjoIj Laj .L^li-b (j n j tt lj 

jjt I m mi 3 I L; u/j . jujljJI ^IjjJI j-^Ljj— jJl ij^"'- 5 

CjIj ii ". 1 .4 « g aj c) i j t a i_ajLLij CjI j CjI a_j i n -w ^1 (^IjjJI 

(j-A tPll ol ij mi >JI £^a La^i j^lL j c^Mjjj^KJI jMitochondria 

^ 2^1^' ^ f>2j Ls^-" j^ JI -''' J-**!' *bf JLa^V ^AjkjJI <_cua*JI Jl<u 



Eukaryotic Cells '„V~" ^^d^^Vi LjMaJt ^^rf 

^ j "^jjj J j tl a i4_> 2_>-2 >JI CjI j i<JI iJU^J i fl J ^ 

0 ..'i u/j aLuLa a^-aLjtij Lynn Margulis (j^j-^-jLa j-J a^L^aVl 

clilj L^L>JI (Ji-b i.*, i nM^Jjj^-tlj ^^J J -^>^i-^!-'•' L)' ~=-*^=>J or^" ^-^-j^H 0 ^' 

AjiiJI (jfj .Prokaryote L^-l^-JI LkjjjLj>. jJLst^j 3 j5j5-»JI 

_ t_jL^LJI Ijuk gj_»^j_a ^ ^1 iiUb^ _ Eukaryote 3 , « >JI sljjJI oli 

Ljl^ Lj^_uSLjJI ^Ijjl SjLC ^Lajjl ,j-a ^»Lc ^jjij t_Jj-Sj La jLLa C^jj£j 

,jj>i3 (j^-J . eLLflJI ,_Lalj_C. jajLSj I ^ U ->Ji Cj|j_L«js (j_a I ^ i a ^yjSi U 




.4jJLiJL>. a\j!s di\ j 't-:!!». Ctirt u» j (_yJ^>- ja£^e-a (j-22La J'v u<J cAal£!j CjLj^j^l 
l_Lajj_LJ>. (j I (^ru^s-L-JI j^i'.t ^J-^ L* ^l—aJljVI Ijuk Cr^- (J^^ L«-«J 

ol jJU-c (j-uj-Jj 1<1 -t^! j u/! i^jJI ^LajuVI j^JLjJI j_i_i£L!I ^ -i >. 

^<jj ijjL^jJI (Jj-S (j^n j j I q lia-iu (jjJLSI i jLjoVIj A "II SjJ Cjj—t-^-j 
2_uljjJI SjlJLI (_£j-IjeJ Lg-La J i n 'i - I La c ) ^Ir SjjLa illlj JL*J CxJe-j-uo I 

*Lj J A II (j^j Ij 7i J L^l iJI Cu^jJl LiJ *J .jjin i-»JI ^jLdJI 4-Ls-j a 

Lu. 

(j-a Cil < a -^o jaJiJ ( _ ;r 3 

tilu^ ^JJ J£ u , a ajj L>U»JI ^ i 2 m (j? o-* ^ulticellular L^UJI 

dilj-LavO ja-ikl (j_a (jL^J •t^A c -' £l -H> a L?- 5 ' ' 2* a Cuu±>^i i I J-jjlj 

JjtVi II jaiLc (Jj— 2j l_a_£j i L^LjJI jIjjVI ^nj m ii" ilil < a "II JL4 

c^iVS VjJ 4jf Charles Dawkins j-^jj jJjLAj t. — T I «_jLi^JijVI j 

CjjL<-u C^jI^ La L^LiJI CjLj^jJL_p £yi CjLcj a ~*-a i _ ;r 3 Lj^LiJI uJUk CjI m -v. 
it-iii a ^pl_lj V <j^>JI (jl ( _ ;r jjLAJ t(jr-i ik^i V "II (^1 Sj <ji_»_a (Jj^is 

Cjl_Lt>. ,j_a «LSj^Is ( _ ;r 3 w S L LaJ I i eaj 1 <-i^Jj 4_lSj_jJI (_UiIj_»JL! 

< ' aj 4_a-g-a I j JL: ^j^i-lj ijj^-*-* (If^JJ^ ' 1 ***'*' I j jic ' 1 ^ *3 * a ''-^ 

^LljV (Jj^i-lj i L4J j_Lavaj Jj (^^Li. («jj-jj ti>^*lj I (} m *J CjIj J—ui^jj-^ 

^^Lvujj jjU'ILij . la£Liij ...2^jjaU (_jjj>.lj sLcLUIj ^LsjJI d" a ^ a (j^jjjj 
L>L>JI SjjuLla 2Uj,„ Jl djLuLCJI i>jui djfju ijLljJI w » j jlaJI i_jL=tjjVI 

K mi (_^><-II (j>J^-M »1 liac \j <l 1^1 a £L5c<-aj| ^1 ^jL-aJlJI 

(J^j-uJj} Sjlaiej BjU-w. jJ-ijJ '>-J^><-! I t_j£ J-^H?"-' I (j ' ' ' ^H? - < *r!- ! " O ' 4-"^*^ ^° 3 
(j "n <"i (jjjJI (jj^JI ^j-^J L?J-^-^' ^JiJLu jl *U-L>JI t i^ll 'Lj-j-jU 



( _ ;r LiJj) J-^-J-* JJ =e "llj 1 1 |j i .i flj j-jjiaj LOLjJI (jia i s i " . i 'n a j 
jyjLj». ijJjJLui e LLac| (^ic SjjLb Sj 2 « a O VI di I 'C j lu Cj|j <— il ua c ?j 

i—flj^soj , r ^j^j CjIjjj i4_La-Lj>J,l *Ll5j_jJI i_3j)j_taJI £-a ( _ ;r ^La-"u 

.<■ ' 3 i hjLjJI ~ U , „ ' ^"^-_} ("^ *^ Cr^ S-^-l j < oJl ^Ir LfcjLcL-u ^ La j U 

^4^. I.sj (j- 1 *? 'djLJi ^ 3 . j ,Utl . u;<~ 2-_l^*JI iZjLljLCJI ofjjj 

«i " i nVlj w » j j La II i—jLaJLiVLi jjU'll Ijuk (_^-lc J)_p d * J .' La llj ijjlajj 
3j_i_i~J,l 4-l!LuJI <_3j)j_LaJI £-a ^j^LaII LaD i n J ujj-Ilj t J ua '^Vlj (j i H--.VI ^1 
^ La-j i uJ (j-a LOLiJI (JI*C mi I CjJ)J_*jj 0^.jJj IjL^Lfcj . (jj-j-jjj j ■ "j 4j ^Lkl 
i«LVI £-a |jL>. J'C ifuJ 4.gj I uu a OjL£ (jlj i4_AJLtie_a (JK i"ilj 3jJL*-a ^1 

(_gjl!lj i4jL>.|j) ^IjjJI LijJI L$-LaJeJJ IjjhA-ttJ S^LulLs CjLs^JjoJ J-a^o I <j t 
LijJI I JUkJ .(jVI JjU'tl 4_^aJs 4_l3 4_Lalji d_LaL£ 4_p- 3jj_i^3 i_£jJXJ 

2iij^L=t_a L&jjju ^^1 Slj-Ltl ^ Chromosomes oL-Li-i.^ Jj-a Ala 

J, r a (Ji-I -5 ^ J ii a jjt (jjjJI ij iAf ( _ ;r i 4_*jLs LkjJJU (^iJlj i4_jJL>JI 
L^JLa-lj) ^-aLj_j (^rLc *Ll_! LaLaj s) i i V " a C^jL L^Li. LijjJ (j^'j 

2_iLiJI j j»Lc JSLAj 2_j_c ju>JI 2_lUJI (^SLt .3j_r_L^> l^LLsLs tillju L* j^J>.'\ 
i^jus-I e^jL£ (jjj i<_>^Li. J< u»j Embryonic stem cell a-djijJI a_L^ ju>JI 

^.1 4jLii! ,_>^Li. £-aU >J CIjI J> 0 j 'a i^jVI S Lajelll j-La J i n -»JI L>i^- 
. ^>j-Li aJLt *jj LaD 1 1 ^^jVI ^ ^>^1 ua^>JI j_lJlvJI I j j 3 (_yiajl ua sej 4 ■ .. A^t 
Lb LgjLSLa i3^jLa_Ia j-;LC. (J-SJLt jl d . a se " a J-J^ ClJlj La iliLa ljr ^ 

La »"'« n . JLLaJI i. 1 1 ii-w LjJLSI -iL'tjJ (jrt-LLuJI (jrtJ^-a (jrtJ^-a t _ ;r JI i al>J| (^1 
U ~ . * A." II CjLvjJ) (jlr I 5 ua-i^a-Se_<Jl | L^LiJI JUjljJI 4-jJI La 
C^-alS *X2s (J_J^J 4_lLlL>JI 4_lCJU»JI 4_lL><JI (jLa |jl£LikJ .(j-A_L>JI (jjSu i n (_^iJlj 
Ifl'n i*i I I ijAlV (J-<-up I ^ i n o mi c_4jjLj (j I (Jj^J Ljj£3 (J-a^l (.^ic. LkjjJU 

La- 1 'n j ^J^l uJ>*"' £ *-d- c -'- Jl -^ £ *r!-^ (JSLtu ^> i n->JI LLu LjJ ' <su t 4_ujkjJI 
Sjj_l£> 4jLl3. 4JLI3 LjJ I La A" -a-a ^> 1 n-»JI JlaJ < LLj ^IL^Ij Ij-a-C Jjislj 

^L*bej La ^LLa" mil jjlSj Adult stem cell 3JiJL 2_i^ ju>. L>Lk 

_ *Lal«-ll J>flJ iiiili JjU'i V ^jSLIj !SLpJI eJJLa L>Li- ,j-a djJJ JU^jJI 

i^jJI tfljj u;jJI jlSjII (^«Jl jl>jL^i! c^U 1 " JSLAII oj _ JjS <>a Lj^if La^ 




'a^claJI'ft. iItII 



»1 j mi^I (j-a -i ^lj " a <_lj»jjJG ' " « I j La ( _ ;r 3 C^jJLj>. CjVj^><j ^ **■ j "" jJt 
L^aj_Lt>. 1 A" -»o (_gj_taj (j-a <LlCJL>>-!I <UJL>Jlj . 4-JjVI 4 Uj i n j II 

L^Li- (jl j»J-jJI I>AJ (J- 5 ! !^->lj— J-»-jJI (J^ ^_Luo J-lLs ^-aLij—iJ 

La j_JsL>JI JUu> (J^J i(2>2 LSLII SLp- jl J-a *JtH^ '- j I>t!-*-^ ! J-* 1 - 1 -'-'■ lt -">l I 

.^jLiJI (jj"*- t d II ^ iXlJLI JU_aj*. ^j-a VI 

jj U" 1 1 ^ . .U I— *-^- J l ijr^~ O "' ^ J JlJL*_jJ1 £)Jl) * j („^L^* (J^ >J 




2 



^nicellular Sjl^>.Ij2 jli. ^ oj-^i 

La I <j i aj t< . m ^j-lll 'l Uj i uj £L_lj>JI CjI_LjI£LII 
(jJJ JU-**jij]| 2-»-jJ (J^J «Lj^ L>L>JI -5JLC: Jljjj 



.Multicellular 



JllLa j^jjJI (jLjljIj . i j**»".tl *L>-j.5 ( _ ;r 3 CjLliI£L1I 

(JLflJJ L^L><JI ,j-a ( _ ;r jjLa (j_a a J r n -v. 

H_gj mi j II p\\ j . Ljj^JLj 4jJL>. YY" (j-a j-J^I ^-£-"1 
-Lj-flJ-jJI (J^-i^J (j-L 4_a"M-*il J-A_J 

^*9 2JjLajJ,l «Lljj^ulII L^LiJI <j-\j"M-a-> ( _ ? -aj tlr^ 
La (J j- 1 1 "i j i t-i n " 1*1 I (j 1 1 a -j i< L t a-n 
^j-Llj>JI (J^c SjL^_a ,_£JL*Iij 4juJj 4_2j^_Lij JJJJ 
^,3- (">jL£ ."*uLil! Sj_i_l^ "L^.jJ_! 4jI*5 

(jl JLi V (jL-ajVI JlLa JL-lSjijJI ,j-a ua*3 <t^>-J-5 
I _il (j i i ifr JLlj 




<2_il_- (jj-jJb^J *"_sLa J-*- (jl 1 11*1 VI J__i_>J 4jj£UI Lj^J_>J'I (jl I i «lir 

^j- 'Ml «LljJI Ijuk (__3 Ll! 'J--"-" j' Cr^l ^^ > "^ '^jj^j- - -' 

IjjjijjLSJLI (JSLj jjajtil 
-UJI ^^«Jt >M 

J' 

te;l_uJ1 cLx-fl_L^ **lH_j_oj 'j-**-* d_La ^ j-ll ^J-^H-**-^ J' * iIjSkJI ^a— - j e utl\ 

«.LLlLI d j ( .iL-uVl 3j_>~jJI ^-JkJ id_L_>JI (___4 >l_uJI SJls-jj t J i m -»J1 jJt (jl_j_jJlj 
«LuJI 3j_>-J jJt i JjJ_>JI jl j_*_>JI jl j_«j>.VI <_Jjl_JI l_J_3 (J*La LaLaj .fijk»!! 

3j-<_>JI J-^VI ^J-^ll <-^J---- lil-3 . Ij-fJ^ j! I J J » ' <3 _)-"> *l J-UJ (.jV 

^Jj <J_.j_t__ ^jjj tjl a: -»-Vl (j-o i_*3VVI i_*3VT ,j_a (jjS'-j 4_l _l!j__»._aJ i(j ir-l a') 

ijoJLtJI LcLijjl ___cVI I o a 'i JL-"jj dri 1 ^-" ^3-^^ c?^ ^jM 1 ^-" ct^j^ 

Ijl^j <*LjI_^_LI1 b-J-i- (jr^ "'J J' 1 <3 <--liA*-J <j-° o'-y^-'i I 0 6 ''l -^JL».jJ 

Llu L«_( <(jL__VI >L>- lj___j . 4_i.lt- L__>lj_ _j_JI fijk«H 3M-*JtJI J< -J I 

id_L_>JI 4_uL_x!l <Gj_>.j ijaum ii__5j_a ijoie_L_) (jlj 't & *L>. iJjVI J u- riil 
'l ♦ *j 'l (jrU £jlj___j I (j o -r (jl _J '<_jjS__ujj_CjiL VI (JjJ V ^.-Jl dJJ_ 
j«_!l— «Jl (__JI 4_il_>JI i_al i"i "i $1 (JU___3 . 4_lL"»JI £jj jJ L - i _aj|j_Li_a 

Jj! _aj_j ( j u< c j^L-JI Qj__JI Robert Hooke <j1jjj* __ jjjj ^L!_uj_JI 

:>J1 (j^ **J1 i J^SL-uJji Lj a (j.ij)l *Laj *^ . Ij j 1 1 cU ^ 'C t n J)ji * L- L aj L_>lj (j_a 

2 1 s-. , „t I Sj_l«___JI "LuLuJI i_jIjljvjJI (__-c Cell 2_lL>JI j<u_iI (jlLslj 'pjj ^ «-llj 

jij__J! £L_lL>. (j^a d j a i ii "i 1 1 dJJj I *i_ ui a <t_ij S, i njj-C-iXI 0-><J olj (_jjJI g J u--J 
jjl_3 4_II (jl (j^s j«_CjJI _-l^.J .(jJj-i-VI ,j_l V_jj_«^a I gj 'a (j"ij <_i (__~II Sj_ t» uaJ I 
JiUl I mU (j| (cuLa-j 1») <Gf VI t >Li-a Sj_>.l j "LAitir (jl___iVI Jii. (^.kl 

tCj\ j i>iLjjJIj «:Ljj_i_JI (j1_lj_> OJJ^-J lS 1 -^' iJ-flJtil *LuJI (j_aj_3 4^lji___uV 

,"i_j__>JI ^ i_a*>L_L_-l (jj_ ^j-j-j jrljlj__ (j_a i_^ljSLII (j-Lc (_gj_j_j La (jl jl 
(j-a c-t-ukj JJ_£. ij j iS ^oJ- ^-^ (jjSLj (jl i^jJeJ i__5j_ll Jl-3 «U (j-^JI—i 3 

(__i3 L«_a >lj_>.VI 1 j 1 ^1" ^<_i iLa _L-*-i <LLa *j^>- J-^ J^JJ ^'-^ • Ll^LiJI 

* £->Wj _H - *' Jl ^ 1 J^-" (3 J - U '-'-'- 0 (J-*- 2 - LUi (j^a ^LLl_5 ((jj-OJ j_j_CVt Jl___>JI 
j t u- V (_-lllj iJ^Jtil "LuL^ill 2 1 ir-i ->J.I I (jjlr jJljj ^-lll 2 rijUjJI 2_aL__i («ji-jj 
(J^4_a>JI ,j_a 2Jj_al3 d 1 1 J 1 .1 J_jlj C-re- T u l_^j| VI 1 1 ^ j Ir (j-utJt Jij_»j J_.j___I L^j 




CjJl^cj (_jjJI La (J I <j^°J '(J'"*.' *- a ^ ugaju ^cja- uuJUj (j ii "i t, 1 ^^LujJl 

j I joltj V 2 tj j , ,,j j 1 1, j (jjiAJuJ (j"Ls- Oj1_3 . 4j j « i"m (Jj i LaLaj LlL>.I J 
SjLjJ_«JI Cj\ jla «11 (j^o jcX.jJ1 fj^£. Slj-A C1jJlj*_jj CjJ^js. i aj £ j « V J-SJj 
'"^ » lilj iJj^Us^M (jr^ (J^ 1 ^ 0 " L ^->'-^ 'j-'*"' JljI/I S J fljj, I j d j « i"i "i Uj 

(JjJ i n U j i « 11 jlL>.L3 i(J^j_«Jl j>La- i .i il j»^-^- gjj ^«-J l— > j « i"") 1 i— aj i n a 

_ajfc J m yl\ jli Uj .«-jj mil Ji-jL^JLi dJLJLIajj - I u* 

jj-a Lj-^>- I ^' a (J^ 'U 1 "" 1 *.' ^ (i *.' ^-J-^>^ (j' 0 'L-^- J o T- o 

i_3j_,j, £xLaJ|_j_3 iJjj/LjiJIj 2_jjlj o" t .iVlj »1 7i j 11 i J i ii -rit 2^al_«Jl cLfl_JijJl 

d iij UjJl i ^IjLaj .cLoJijJl j^i.Vl L^JLa *j^>- J-^ i—aJiieJ 

(j^l ,j-a J-fl-Llj (J^ 3 l'jJ • LOljJl JSLZuj i h 1" -ej J_j£qJLi 

LjjL». (jjl i U n'°i (jjif! i fil"i-ej Lj jL><J 1 (j-o 2x. J-a^c-a J I 'Ljii* (j-a (j J^jb j i^-if 
(_^iJl (JjjLjj^LuJI LjjlitJ jiTLo i <i i t j . I ^ Lu La-i-3 i frl"i-ejj (Jj ij^s.^1 j i?i «11 
ulil ii 1^ I <3 » J o > J-4-><J <Ljli cJajJl LgjSJj i LjjLiJl (j-o (j^o 

L&Jljo 2 j i ,i[jj£LlJl Lj>L>J1 ajjt iLg-tlc i_3jL»-iI,l 2_aL«Jl ^Ljj£LlJ1 Lj}L>. 

ij&a-j-Il Lj}L>. j! >_<iSJI Lj}L>. j! jJ.1 Lj^Ls. jf JljSLII Ljjii- (>c LoUj i ah ^~ 

_ cUSLI i. La S 'a J< mi 11 ^ (jjijJ i_a>Lli.Vl lj_& (jl Jljj . 1 j£L4>j ^1 la-JI Lj>Ls- jl 

» La j uax La £ L-^>- ^IjjJl ^aLjj—jJLs . tLj*_aj_i i—ajLli.l _ f*$X\ 
j''-" - ( _ ;r 3 (Jjjs-^/I d jlV 1 1 (^IjjJl j^aljjjJl (j^. i ajjjej i ^ utaj j i a « II ( _ ;r 3 (_^i>- 
LjjLi. ^ j i fl ^ i ■■ a ' j uiajJI (Jj^i-I ^1 £ LxL>- (j-a LjLo-l i—illjejj (Jj 'J-^-T 

^pJlj ^LjjiLlJl Lj>U- (j^s VA-- ~\o Jlali ^Ij Beta- cell LLu ^LjiLLJl 

^aljj-jJI jj^. (jT^lj^-II Lj-a^aUj-J i—aJUieJ ^ ^ Insulin ij^lj) < n iVI (jj—aj-A jj-flJ 

Alpha- cell LiJf L}Li. SjjL^a Ll^j! 2 j '"L>^j Lj>Li. ^ ^Ij^l 

(jj aj_ifc jj A3 i^Ljj-SLLlJI i. (j-a '/Y'_^ 0 Jii-aj (j-J-Il 

^Ij^Jl ^aLjj_Jl jj^. L^*_aLjjj i alliej L*JJJJ (^l J iGluCagOn (j_a^.L<ai«Jl 

LMi. (jj»'/. ^ •_ V Jla^ ^1 j Delta cell Lib ^ o , .1 ^j-^-f ^-"k^ 1 

i rtl~Aej L&jjJj (jiJl Somatostatin "i i iijjLaj-^/ (jj_aj_ifc jj_flJJ i,jjLj£L1jJ1 

jj^ij ^LjjiLLJl LM_k ,>a /. \ • . \ 2 j ,„;, 4J5_ai PP L>Li. ^ L^! 
.(PP) pancreatic polypeptide 2_ ! i :! jj > Jl J^».^! jjjui L^L^SLli LLujj-1 




£l_al_«JI Cl\ a • alj U d_^J " - (J^- 3 (j-' 0 i— 1^ - -i >JI (j I jJsIjJIj 

(jjjIj^SLuJI Lj!>L>. «J-i^aLi- <— il «a « nlj ja^ljUiiL^ i,jjjLjj5LuJI Lj^L>«J 

L}LJJ! 3-*jjVI H>iVI ... ,1 aJI j! j /Cll LjM-J^ Jj_« Laj-j-c 

Lg-La (J^ iIjLLljv 4-l9 i a b iej I JL>.lj La j-y^>- lillLaJ < Lkj^j (JjjLjJI d j < hLjj£LuJ1 

jj a3 (jr^' ' *■ N i a ^'t-j uli I a *(_j-l1/ j i. VI «^liLlj >• (j^. 

r - - ■ _ _ 

JLa_3 ijj-a-tj V d la ■ j a ifi-l^ ' " >VI tJL^-^J-^ ^— 1 ^-'t l - > ' l-^- 1 ^ ^j^jv L£^L>J 1 

ij»jJI j 'C i n 11 S^Ljj ,_^aitj ^iiljl ii/1 jl <-Hj Lj^I a j £ I— tf3*l I ° IjL-3 

_ Jtj-Ul jl lil'll ^Ijjfc (JiLo _ I flT U i .il "LajLaJI Lfljl a i .il^j doa J U ir-ilj 

tLajLjs Sj"hjU LfljLuIjjfc j I Lfljl a i .ilj (j I dili . LfliLjlil tfj^L»j Vj jjtjo V LfljLa 
j 's i ntl (_^-Lc i_3jL*j (Jil! jl j<ukl_aj Sj ri i", dllaj V I g-ieJa^ul (jjj- 3 fLlajjl 

_ 'O^J 1 "*>VI ^_J' lf - | "i.' J-aLj (jr^' oLi-j- - *»!! (j^* Ll* '^H'^'J-'' ' J ' cl -f JL ^J- 0 

LflJ (J-ujJ i4jl_fljJI (_^>- i."."i a ir^ij Cjjj/j^s- (_^>- C a i nlU jJa _ Ljj_£j La-£ 
Lj^>Ls- i-dLufc A i .i rV) cJsaJI IJjljIILi ^jjj_>JI Sjij^>.j-a CjjL£ (jlj i Ja^>-J 

j_^al_i Cj-Uj ( _ ;r lllj _ I j~l i ' ' JiSIjJI j S[ i ntl (JliLjjj^v p ' Laj aj (j^*— 3 •(.^J 

J-uaj 3jl_<i/l L^jjG j I _ (j'tjj i in^/1 (iLb cIjLLljv (J^j-C J-a J^-ILi Jaju cIjLLljv 
j " j " fl i a a j <jj j j j J Lgjl a t ulj i^jJI ^j-b j*C i uli f_yj£ SjLjj ^jl i ~ T L_t 

eJJt> ^jLjj ■ aj ^jy-^*- J^"*^^ (J^-ij ciL)--^*' <— s \_!L_j3^a^ i \ j j < Ia I ^ " * V ^ X A " **^ 

^3 ^j^Jj iin^/1 * i aj (J1jI_Llj>. (j^AJ ■ ' J • a aJI Cj-U J i nl i uJ Sjlj_ifliVI 
^ aJa-La LjjJI fl j a iSJLjjijJI (Jl j-ali i u V 3,9-" Lr^ L)J^ Cr^'j SljjiJI i—clfl 
4j_uk ^J-^J cU-i-Jj i ii i I 2JLj/j JJ-aJI (jr^- ^ ' " 'Jj c ^-*^^ ; * - (J^J 1 11 I CjLu.*^ 
t(j^9 uuVI (j^-^J- 1 ^1— i- 1 ^1-1 j^_aJ1 (jj^J 1 1— < ^-^- v ^J^jJ **' J ' " (j?^- JL$— *-"J l-O 
(j^jj^jJI i^j id "i o (j a J_a_3 ij j ir-i <itl j_^_«JI ji J[j_<j/jJI Ljj ^Jj-aJ 

"Lcjjjj ipjJI ^ ^SljJI J ^ i ul i J-a J^aLtlu ^ JJ-aJI ( _ r Lc j>-aJ i^jJlj i^;,^;!]».^^! 
. jJI . . . cLlJLtuj ^jj'iil d "i o a (jr^-y LaJ^-»JJ t(j^l t-l i u Mlj (_g^xJLl LjN— >JI t_j!i£. 

CjI ir^ i^ -e3 <l n-iiii V"<i Lj^Li- ^ ' " ^' J uiajJI ' I fl 'f VI (JL-<jiJ V 



LgjJLcg Vv il^ll 



diLa^VLli.VI oJuk (J^J • ^> i ii U *LaL»JI d i-tlijJI (j 1 -*-' 0 ^j-^*-^ d-^J-' 0 "JJ^i 

. j i n->Jl Li>L>. 



•.(Jj_2j li^p- (2yl "' 'j! «Jlij-jJi j j j*s tl ( _ T jLjj_i_aiI ^ i 3 aj cLLi-q^>- SJjJLa tiJLufc 

V La J^*. i al e lIVI ^ J-<-ul jJI JLtiJI 3_<_a-&l jj-jj (j! JUjj sUSLI id-3j_j<ll 
JjJls. ^Li (jj^ 4 j i ii i t Li 4-uljj Ljjl x i aji (_yjJI Lu-u!j^tJ d^jjlj (jl , ,, i 

( _ T ilj (jl i^jLall (_gjjj_c liJjjjl ( _ ;r JjL3 I jj .jJL^aJI ( _ ;r &l_LLo iljlj jjl ,j^o pJLcj 
ijiLajj niJ i ftO i_j-3e^>JI i " flj (jl tiJjUjI I a $ i(Y J'? uJI j S S j a \ SjJij 

(jl L*-i_aj>. Ll! i < n"i_i tiJIjjVI dJaljjJI lLL>.jj_i p j j" J i i-11TlLl-->J, (jl_L*J! 

, LjjLj^SLaj 4_lL>J1 4_ufcl_a_) i, *1 i ii a 1 LlLjlI i4jfi)jJ1 (_^>* ) * >j (J-*^*- 1 



^p.,^! «UAJ i,>£*J iifclJ.jyil t-'JiiJv* *jkJiU* 



J* p 
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a^ckaJI'ft. iItII 



^LjjSLaj i Laj ^jJI t Cell membrane »1 u. f ^Lj 4jI jj 

ij-^s- dul J « flj La^ I^jJls. LgJ (ft-uuj ipLuiaJI (j-a LgjLja^e-a ija-fljejj i4_lL>JI 
jjkj ,( ,,[ ") (jljjLj^til dijLLaJ cdal i .i j i OujSj CjIjjc^>JIj idilj^sta. jj^a L^JJ (jr-^P 
(jajfcJ-II ^j_a tj^**<lj o >. Ja JlLa-jj jlVH ^l_*J1 jJSLjUJI w la * * 
4^lj jL-ufca-jj-^j «LujkJ (JliLljj^v d j j 'C j3 ( _ r fl (Ji.jG 'JJ a i "j flJL jj-LiilLipid 
(JliLj^jVlj CP-z? ^^Ij >LUj *lj «-JI JJ>-*J ^ i i ""' «JliLilj-J 4jj i'! j^Lljjjjj 

(_Ll3 (j-a J-^J 3.' 1 " a (* JJ 'J Cr^ 1 *^ *^ J^J *' : ^4 ::>, -" (J^'- 3 (j' 0 (J^^J-^J 

I (j -r oljj-i ( _ ;T _«^eJiJ l_£J i Uj -fcj (_yjJI I (j i 'i ri'i d jlVlt ^IjaJI j-aljj_jJI 

CjI o mlj jl <J1)N- J n "i i n a Asr U i .1 <jji-^ J/*- 5 ^ ii fll"l jl jl (j-a *Gl i 

cjjt, . |_£> ,Ujtij ^1 2_AiJI £aj j 4_lLc Jj3 Receptors or Markers 

I i'r~i\\ (jSLIj itLiijJI £^aj i_a!>Lo.Li i U <i a <j-";J ' ril"-cj <J1)N- j <i" i ii 1,1 jl <— il o t iiljjl 
L$j| i^LAitl! Sjj_«j(JI cILvjJ,! jl (^LuJI <iLxj^a i_a^Lli.Li i aliicj j-Aj 

ji_5^>.j (jr^ 1 J 1 -*-* ''-y-*-' 0 *— ^ i ' "Ij Aj^J O! <J^ id—iljtl! c(_lL>.IjJI 2JL>JI ,j ..'C <" 

!<LlL>JI (Jli^o J-t£. i U ii fl j fllVi a i nlj tiJLuk (jl jl i2_lL>JLi tLaJ-C jl 3Lj_>JI 
C( i ii J t i_aj|_Lij_i i4_lL>JI ^t-i i n t_yJ-l\ <Jli^ j (i "i i ii 1,1 jl <— a i nl^gJl i>juk 

(j-a <U Laj (_gjiiJI »1 uJlII (j,^- L^ij-o jl J-*- 1 *— ^J-y (J^ d "' " ' ijLjjiJ^I 

Jj ^" , ,. 1 La . ( ^ ) cLLlk-o c ^rh 1 J ' U-° ^ 3^ '"'N J 2j ■ " a 

tLiLiJI Sj^jvLi (_Li.ljJLi J i alu I uiajl _o^3 i£L_lL>JI ^jLieJ _ ^^I^JL^ _ J <^"j 

cell signalling SjLi)/l ^ti (jro-j ^jM-iji^uJI ^ 2^JiiJ.I 

(_g jJlj i L^J (_^aL>JI J j SJ i uJLLj jSJe-Hlj L^-lLs i4 j i ii j U l—uLajij-g.^ ji 4_Uj_^ jl 
jCLajj i^jN-Jj"j i uli J;^" ' "M Lg-LS-Lj i»l uJlIIj jjk <J1jIj_l«j tLi£ CjJLmj OJJ^ 1 

jf Li>jUoLi I gUf jj-iij djL5j}^>. J>U- (j^s Cascade J}L2JL£ JLlojVI Ijuk 
Ji-jj iJ ~u>. lo iAjL>s J i ulin" ^ Phosphorylation jj fim^-aJI ^ L^JI i^i aj| 
iJl^ Transcriptional factors 

jf (jrl^JI ti^v ^1 SjL<iyi Ji-JJj .^Lkil LfcJ j mj S_tiiJI tiljlo j»j_Ll^JI 
( _ ;r i j jSLj »J Cj J »J Lukj i2JI i-uj-!l I (j i j I j "i JJ>J (_^-II CjLu =JI 

SJUujJI jJjj icLOLa^. ^ "i ^ j fl t LjjJI ^j^v tyfl Conformational changes 

jrJJ Jl ir-i"VI IjUfc .c(_L«_3 UJjJI ^J^<4 JJjl 'J, mil I j-^J 'd-i-a 4jj LLaJLl 



tUL^ dllj-i , d -» U , ,, 4_lL>JI - I ui c L^Ljjcj (_^<-!l '"'N J S"i ■ oli VjJ jojj 

I jijj i3j_u/l_j^a j-ji-C tLSjjJaj (_£j^>.^l J i .i ->J1 Lj^Li- <_JSLj SJljs-I jJI «LlLJJI J i aj 
OJ jlLM J-ta-S-i-J V. Ljjj— 2j jo-jl.} (Jl uaj| Sj^>.ljJI 4_lL>J1_3 

idK j i ,i >JI jjJlj Lo <-3>j>j «JljvIjJI «LJJJI jjf (_^T i j ih aJJ <LlL>- 

L}L>JI J-j-«^>- <>U '"'VI uajVI 3< j A i.-. i.mIj . JlJ-«-jJI LgjLSLa ^ <L*jL3 (j-Aj 

jlu iATP I £}Lp-u-l 4-lUJI 1 M<i dili (jl jl l 4 T ukL3 jJI ^ Li^i 

2-aLjLll 2_a}LuJI 

CjWI J-«-*j I o $ LaLaj ,dK J 1 .i -'d! joj <j-aj j ua t\\ joj <j-aj Lgjlj S—Aitl! 
<J^j_^3 d < o 1 n' fnl 11 1 f J (j n a (>>J "rLljy 2 J S-j " ijll 

(^jLjiJl d K uu (J^ajJI (jJ&lll : Jl»»Ij ^ tiJjJiJ iiL£U iSjj-iia 

Oi£.L>- ,_Lj^ . <LoN-"ij Sjl>.jj jojc.Li" 4l«x.j j 1 n-»Jl jSL<i/ 41jL2j Luk i_g jJlj 

JjV. J-^J i Ly 2 J- a oLjla dili CjjJljs. !SLa iLoJLi. (jr-iii'i (j-o OuLc jl 'Lili- 

Jljlj lijjiiej 4j| j<sl«-i (jl 
»1 ui f Ur^' t ~ i 'n' 1 "U tfj-* (J-*-" WdJ-^ ^iJ- 5 ^' " > 

IjJ 

Sj_aILui_a 3l jjjl J-J-flJ ^^P" .' ^ a (jr^ Wi>^J 'l j l-^Jl (Ji-jj Sj.jj^ Sj_o_ajj 
-j 2 a I A |S, 2J>Lc CjI j (j^uaitjJI S j-jj" m a Sjj^ (^jfcj ^UCleUS 
Jkj ijIjkJLaj jJl^j Li^_2j 5 i j S j ^ cLa_j_aj jJlj>. (jr-^J '**' 1 1 J-^ 1 *-^^ 

jjJjj .4K — ui_jJI jjjLlIl J-jI_uij ( _ T Lc ij i< lac I ^j—ieJJ I ^jia 

i2_ij|jjJI SjUI (jjfcj DNA LjjJI L-^Li-lj i^>^>o L^jJ i^K jjill ^ 

(Jj^M iij^il (j^o ^ * i uli (j-uN-j j-Lo Lij(:L>. i4Lol_^ SJLuijJI L^j (_^iJI 

Ijjj i di Laj U a U !j_£j^o ^ j 1 aj dJJjiJ SljjJlj -J-J^ (j-^- J-^^ (j- 0 (*-• 'j*- 3 ^ ^Lul 
VI JJiJ_uJI Ijukj i_3j_<iJI IjUk SljiJI Ji3 joJj !joSL>Jlj SjbNJ j~^j-a 

Jjfc I r^l 1 1 j l I J < lir) l~\ « LijJI» ^jjJ (jLuijVl . (( LjjJI» Jl^>._JJ 

_ (j^io ->J1 lijii. i_aj lil a Histone jjJlui_ut (J <mj (j^jj-^' nj^jj'T 1 

_ LjjiJI (jjs £JJlj._a 1 Uj ■■>■ J-Aj i C^- = T 1 "^J^l ^jj - '- 0 LSJJ-^' O 1 ^ 0 "** J-^J 



a^ckaJI'ft. iItII 



d . U jJLLcv. i^tujsjjJI ' t*^ >JI Sj.SLi) jl w 'j" ' "j j 11 O^jj-^' 3-3^ Sjuij 

^ 2 . U S < jf |»Li^>JI liJj i.i -»■ liLJji-l! Cjjf I j aJijcj mJ ^^Jl \_a_9JLII" 
t w j ta II ' ta *" '-*' J 1 H 3Jl_u_u L^a J>jt-**< i uj (^^-11 «^j^uj-aj-l^M lL1A_u_u)> 

CjjSjJI Lg-iSLl oL>>jl ( _ ;r 3 "1 « j aj SjjLiJLo cljj_iLa I j 'a I j U i jJljj (j^-Ilj 
(^jjJLsJI «(_JjLjjJI» ' La-j >JI I jl 8 * " LaLxjj il-AS II (jJI 3jL<Iuj d£Lil i"i" a ^ ■ " * ■ 
1 U j 1 11 j tl (j-ij" 1 " J<3 11 O^JJ-^-11 1 . 1 1 **J ^-pj- 0 ^-i^-I ij. i"i"iaj >_ 1 « a i^jJijJU 
SJLs. dil Jijj .j J t-i-w. ^ ri jUj ^jJLa li Lg5Lje.a IjjjLjfu LLsLjjjI ^, i j 1 r-i 1 1 
(j.u.a S Luj < Lg-m-flj (j-o <-Hl I j i J 1 r-l 1 1 p \tj 1 ") i^l 1 11 <j')Vl Jjls c(_lL>JI Jj^io 
jjJa Jj^vjJJ 1^1 Jk <" i » 1 (jjj" 1 11 (j 11 (jrGjj-jJLi 3 1 «a " 1~J iS_jjljjJl JjljijJl 

.(Y) J< mi II ^ L&lj-i U£ iMetaphase ^Ijl^VI jjJaJI u * < .n 

iS !l H is «i 
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^ykj L» j- < - u 3 i "\ jajj Llfcj . ^ Karyotype - 0 ii i^itl iU o'iTt jruj (t) JSLjUI 
DNA DaJI J^><J (jrHSj-^ il>^ er*3 nirTOU I^SjjJo ^ 4 m a< \ a 




(J^jJI jIjl^>JI (Jiili SjjJLjJI (JiLo L0L4J Sjj^o 2JL». u iu «* dllju SljjJlj 

** ^ 

i L^_lLc >_ . ( uLjcj Sjj^s. t d j j i .i ) Sj^jv ( _ r 3 ^ ala a (j^-I 2-£j^e-ILa £L»jLjji (Jj-^-i V 

.(j^>-j c^aj J£ £j\jA,\ <-sVT i_aVT Sj_ifiSL!l i ..i 11 ,_Lal j_c . - » I ^ U 1 1 u^,j_x~u 
cLL«_>u (_L^«-P V 1 1 ^ UJaj (j-o JjLlL^o L_«jIj ojSj L$j| 

SJLjijJI ^t-njj S-°*J (*J^ (J^ ltClLi-«v>JI cLuJjJL». LijJl >(_gjj>. J-^iS iCjLajU_«_a 

.(JjjjijJI Lij 3jjj^5 d jU->Ul 
*jJUk lJr £ d U i n" a 2JL-ujJI i(_^aLi- (jOjJ-^J 4 i t-n 1, 1 Slj-UI i-JJ-Sj jj-aj 

{y* ^Jej (jrp. (jL^UL^ 

Rougha; mi AJI jf 2_i_i_^>J.I :L_^j}Li_«jij)M 3<i .5UI J}L_i- L^—Ij^Is 
j < uaJll li^j^ 2>iej Lgjl ^jMjjl j ,,i II ^Jlendoplasmic reticulum 

(Ji.lj L^Jjj A mi liJLajj Ij_ 2j litJ-js. titjJ, » " i ii U >ljU liUju 4_j_U_a ij»j_l^>J,l 

/£ 'j « Ljj» */"\ • (J_j£!jj 3j_j_»_i^3 oL lia-c (jr^J Ribosomes ajjjij_jjjJI 
,j-a Qjj£!lLj i_f jj-UI oLj 2 ■> 2 >■ L^LjJI ( _ ;r a 1 -i £ (jl > n iVI ^^js LjjJlj i« l yGjj^>> 

LjjJI Lg_fl_SljJ i AjM-ij "j i n II ^^1 2Jl_i-ujJI fjj^usj >j -i j 3 .£j_3l 
LaJL*j 1 j ' fljj JaiLi 1" (j I (_Ll-3 - I j i ' a " seJj LgSL-u^jJ rRNA i _ ;r a^_<jij_jj^JI 
LjjJI (jj£Ljj 1 1 ij < j Jaj j»VI £j i>i " -»u I «_£ _ Slj_UI (Ji-I J (j-a L_^_! 

2_u_LaVl ^La^Vl ^yjfcj ? LlJI trjLuJ j» ^Jl J-a^v tRNA JSLUI 

^JLc 4_La ^ ) Jij-j?e_4-i I A j ua^eJ t j>j^Lj^"< j i uli »1 i n >. tjr 3 mi j i 1, 1 

ij^>- tlr^jj— UI *Lij 3ju>.j fijl i .."j SjLiiVI I j h " i a i_ iSjj i2JL<jijJI i_ajj_^>- 

t ^j_» J /jjjijJ| LijJl I JLjj Lukj . Lg-a-iiaJ Ja-j i<-i1Lj (^jI ( _ ;r ajj_<jij_jj^JI oj-j-Jcj 
MjjJI «LLlJL^ LaLu 2_i_Li^jV| (^La-^Vl (>u J^ijjjjUI ^ SjLljUI <G-Ll£L4_! 

2JI i-ujJI cujj_S (j^'j • J*C mi 1 1 (j-2-al «LuJI LL* oli '*LLjUI (^Jjuj (^r-^ri 

( _ ;r 3 (j ^> « J .1 I j i ?*> <J sLLa_pj_a sLj_Li_a| ^^^l «i (^1 (p^jj'j ' " — (_y> 'U^lj^?- 
iJT l*-A CjI j ^ j ' —~ 4 Ijl 3 oLjJlAjj CjLaLjalj CjI^Jjjj>o JUlj lAjjjjjjj d 1 ml mi 
jl ^ tiJjl . I {j J II 4_^>-L>JI J iil J ui^>JI (JJ-Sj 4 A j k j CjI 




^LkJI jl_JjJI jjpjj—JI >_uj m." 2_jJU_c Golgi apparatus L7 **lj^>. 

( _ ;T £L1 Lal 1 >JI JL*J juj i(jjjkjJI JjJL»J ( _ ;r 3 liJj I miJ I i £ L_al_a-> 
. ( ,V ) p ajj II ^LjireJ ^1 4jJL>JI £J^>- if>J L^lj £ *-^^" Lr^ * .'J 

tJT £ JJ—£ Li-Aj ijaJJ <t_SLts y I " >] i .i II CjI .lU «Jl (J^J 

<_k3jl jl i_ajjL>>j CjI j «IjLjJI 4 j mi" Bj j < ua dil «i j mi 'v. <LiJL>JI AjM-ij" j i .i 

(jl >af (^jkj . Mitochondria l^juj£p-dl j? cuIjl2H.I u n , .1 Sj_u£ ^i-'- 3 
jj_^L>JI cuL4j3-^- L-$j J « mi"j d^-a- m <jVl <^Ij.aj <>\ mi<i" (^ill ajaLiaJI 
jjjG (^l irj^L^Liill phta LgjJI ^Lbo SJaLLaJI LdJju jj-Sj i^IjulIIj 
i«L_lj>.VI i_JS * Lj_4_i£LJIj »Lj3 j aJI (>jlj-S liilju 3 S jU a i2_iJL>JI 

SJaLLall L^>.LiiL! L$j| jl )d" otVil (_^-3j!j <U-i-jl^3 jalkcl (jj^-^ 4jjL*-oj 
4^LLaiJ I ^"m" mi" oLjol tJJ £ L^JLSjG L$j| jl i uli ij»La>U 3l_pJI £3jG 

jjjG I ^ "i u ifujj SJsLLaJI J-jJjj <j-\_! Laj i<LjjJ)j_l^ <*- a j^ Cj^LcLaj (^ LUsjI 
£j_LJJI lillju tjr&J i3Llj>JI JLlS ( _ ;r ic 2_tL>JI u 7i Cj^J-cLaill 3 1 -»-r 

C^SjJI I liajj liiljj /jr&J iSjjIjjJI l£LLal_ijjdJ ^lill (jjjLill £j i ea >J I j 

J-JJJJ J-^ 1 *^ slJsLLaJI i r "i m "i (j-a JU^J Mjl i L_Uj)j_iiVI (j-a JLJ>i «I < u flJ 

j»jjjj>J j-ila I i ia j I I |j i*C Ij a t-i <lal U II Lj^^ i." i i uji I^juj^jILiIIj . »lj" i .il 
^1 cuLLl^JI £y» I a Ijjl^ m5j_sbj Minimal genome Ijl^>. j j ; u» 

Ulj^». LLaf d i a 3 JL>.^j Sj-JuuaJI i j^_ij>JI ^ (^Vl ^ ' ^ ' J .' ^ A ji 1 ' ^ * 

4_lL»JI p 1 . ,. ^ il C 4_a_^_a CjLjJLa-£. mj-^- ' " ^ cr^ 1 ""' j JU^-^^-j-J. I j 
( U ) ApOptOSis ^a j J.I L_^jj_aj Jj ( LfcJjL^jj Lkj_*j S uJI j 

j»j_Sj Microfilaments 3 ^ «' 2_l1ljjjj jl^-^j fO^jp " j miILj 

j m." i" ^La^ 3^j^"iMia oUIjUmi? (^jkj Microtubules S^jSjlII i^uliVl 
Ijjj mJ^Jjj i2_iJL>JI (Ji-lj (j2-iil cj! j I o r (^ jlcI uuj i2_iL>JI cjL±i>. 

4-ila-C. ( _ ;r 3 j<s-iiLjiJJ Sj_A$ (=>j^>- (jr^ ^ -a J e T iJ L^jl La5 i4_|JL>JI J*C_i^l L x a— 1C JU 
L^J 4_|JL>JI (jLa (jlajVI mi ( _ ;r i j A -»JI JiLa . 4_jJLiJI ^>l f ii ti'il p j k n 
^esicles ca^ <^±^>- l^y «l i n"l B^J^t "i mi a CjIj az 3 

*l j_»JI CjLljjj>. Sj_i^>La^j J j i^i t _ ;r ik L^JLiLlIsj 4j>-jjj_a d j mi f I Cj|j (^r^J 

ii»j^>. t^jM-i j" j i . . I I (Ji-lj (^1 Lg_c!M-jjl j<sj i2_iL>JI ( , ^ : 7^ ,, -" 



LijJij) LaJi - (JjieJJj (jl liJJ .4jJL>JL! 4jj_lj>JI CjLila_*JI ( _ ;r 3 Lg-La J)Laj 



d^yiJI p^uJI JVj (»1 J-3 <LlAj 4j1>JI Ji-1.5 j^lll «ZjLjjSLM j»l jJa (j? _ Jjja 
^IjJill Ijuk c La uaj ( _ ;r 3 La-g-a uJAp d - fl^Ul '— 'L-'rHjJJ-^'jJ !*Lt,Li i_iiL>J,l 

<*JJ-3 1 j I . ->jj iSLtlieil j^jLLlJI J<j jtl i<1 i ..Lu ( _ ;r ic. I uaj! dasi —J (jjjJI 
i(Ji.ljJI (j-aj £jL>JI ,j-a J-SIjJI ' * ucaJI (J «i se "n ( _ ;T £ 4 ui i»JL-a 2jj)j_a 

,Lysosomes 2JL>JI ^Lu^-Vl LiaJ ^j^j'j mJI ^ jjLOj . JMLsVI 

| jjSj i<LjjJL>JI (jiajVI <— >1 AlV a p t'siftt i>i gtl I ,j " A j k j Bj_ i _ t -i- o m -w I 
iCj^L^3Jj^>JI f^Ss £jL>JI (j-a <_iL>JI cJLio ( _ ;T jJI Cj^ i^iAIIj Ljl oj II jj i nCi 
^1 SjLuLa c) Uj i gj CjL£j_a ^1 £_lajJI Jjjjsoj i L^-La 4jJL>JI J J (j t->" J 

SjUJL>. «Lu J)lj-a£ fO^-Jj".! 1 

(jjSLa (JSLJ <_uj^>JI i_ajLLijJI £j_a-^- (jj li^p- i3jU>-lj 3j_al C^so I ^ i< <1 J 
j<i£L*_aj (j ii " a o -v. J o 1 1 sL_uLgj d I ua t o ^ L»_a «LjLgjJI lJr °s j-a-i-^jo 

<3^J ^ j l-»JI L^J (»j-Sj l_aLa_i Sj)JLja_a «LijIajJi 4jl_^jJI ( _ ;r 3 j jkj i (jj_<_u LilLa j 
j| ij^ljjJI LgJc-aljj-jJ j»L»JI (J*\ ui II (_£jL><J illlju (jr-Aj .« Lgjl£Laj))J I j C j j 

s^jimi s ij_^.Su (jjsui gj^>j,i vj ^ La ^-Ll^ji ^ a_tkiJi aju^jji ^1 

CjLa^Jjli.Vlj .SjU>-lj iLijisj 4-ul j III I j " I ' a se a CjLLl». ij^- ^-i^ 

(j L> 1 1 1 II t_t-i-^j— jJI cilt-Lj>. ,j_a lj-^>- d Laj i nJ CjLa^ " 4 jl-v <jri-J 

»\ Lj, ' 'j $a_j_j a L^J (j-uji N < d J ' J ^ j La- JLj>-j_i i L_^J Lj jJiJL 

f^yjS JUJLajJLj iSljjJI (Ji-lj fjyS U3^i w ^j^^-tl uJ3^Lx>.VI (_>£J . Cj Lajjji jjjj 

La^Lli.1 (jj»jJ .^IjjJI ^aLjj_jJI Ijujljo 2_uIjjJI SjUI 

SjLaU sLjjjj^I i_3j)j^><JI (J-SJj j I <JL^jjJLjjJI j I 4_ujjVI JUclj_SJI t^jjjj 
JL».jj ^LlLai i<_3j)j^>JI uj-^J (J-aJ(il ^Jj^>- <_3^J_li.l jjk La jJ-Sj i4jjIjjJI 
_ LjJjJsj _ i_Sjj^>JI ujuk isLjjIjjJI SjjLaU <_kJl LijLaj (ji-jMj 

<-3jJ — >JI u (jja 4jj — 3- i _ ;r 3 ,J_a — »J (jj jJI (j-£J !<—jJLi. (J^ Sj — 3-lj 

JLSjj .^ y '^ Tissue specific (TS) genes g J ""j 2-»^LiJI cuLLlj>JI 

L^Li. Sj)j^>.j_a (_ T Jl>J iCil m ?eJJ ^^JLSLIl ^ o -» J,I £^a * J^- 3 ^-^1 

itiJLuk La tiJIjJ? Laj lt iJLuk J-aJ-i Luk J-a-JiJ Lgj£L! .J . ,i ->JI uul 




i - , U ,"j 1 j 1 1 . ^ (-<■< mJJa J_S_a -Ji «Jl <Lj^>JI i-LL1Tl<u V tiJLuk 

fjr&S iLa t_JLla Jlj ml t 2-a.lLZJI CjljL<fuVI L$J i*> o U" II IjjLa A /j' n jlAj 
S<_ m i n*i V j Jj la V ^Lcuj^» 'j i a u V - 1 j 1 <~ i h"> V »l q i <^> jSujlt*- 
£yi j_al_! *L». (J S[ mil IjUk i Lkj_L4J (^^Li. (J 'C mi LgJ *L*_a^/l 'Ljtii- N 1 a 
Cj^Lai. |j I j — La i ■■ (jjj£Ljj i^LlLa (J's m II sLjJjjis (J3^ (j'r 1 J^^O - ^ 
JU>-jp LgJL>-|j)j t^^al i^' aVI mi Sj)Lj ^^lc J-»-*J cliLaLalllj JLjIjjj 
ojuk (Jii . 4-jJLlll Lj^L>JI ^1 ojjj-aJ (OJ (j r-Ti o 1 1 j»L*iaJI £-a (_LaL*jj 4_(_L»_a 

VjJ ,j£!j j<sJ <Lj^_*J,I Lj^L>JLi L^L>JI olxJt ^ «i < »\ Lc lLt^ . MpJI ua -»J| 
(jjj J^_*U cj j-j-I^-I ct-^' J i*L*_aVLi 3 i^LjJI 2jUI ^ S ^ m» II oLu^JI 

( _ ;r i*-4Jj . 4_ i ! Li -JI CjIjjJJLIj CjIjLiiVI J uca^j CjLLljsJI £j_aL*_a (j-a Lkj_j-C. 

cuLLl^JI (j? ji_u i2±aL»JI cuLLijJI j>ju>. ^ jJI j^k a_jJL=-J1 J£L*i u-uJ 4j! j^-T 

( _ ;T 2i]|j ! d_i_j_Lb jU j milt jaj^LU J*v "i II U n» a CjJjJLo- (^^Jl (^-ik 4JLal_*JI 
lii! (JSl j<sJl . 4j_ljJI J i <-i A 'i CiI m ->JI j^LaLsca ,j_a Lkj_i£. £-a Cjj-pi.1 LkjjJU 
ij-jitilj j(jt^ oli JlJLaJLI j^k j-aLij_jJI (jj)l . 4j5-ljJ 1j £lj-£j (jj| jjk ^jJLi^JI (jl 
d i>ijij_jj| Cj-jL£ (jl j_La L^jLajj (Jj L$jL£Laj d jl -»J| jJSjj-a (jl jjsljjlj 

«(jLSLaj)) _a i LijJI ^^lc 2-j=-a j_l!I ojuk ^ j_a (_g jJI j^k Zygote 4_j_ua^>JL I 

(jLajJI (j^. (jl£ULI J ' a a JU>.| ^jt^" i i m^j ' a a d j «i itl j'j> Luk (jrf" mijl 

a^_al ji\ a I, „I ,„ - ,l ,l «iul jl^-VI j I jl^>. j£LJ.I erSi-^l er^LnJI . Iju! 

i _ ;r ik I a (JJ-^J (jl (^l 3 »11 'l jJL>JL! j_3jGj Jo_LaieJ (jrt 'T ^ 

(jlSJLLj Sj)JJLja_a liJJj) ( _ ;r 3 (jr^J ' Laj_L*_a JJUJ (_g jJI Lkj_j_^a_a j^l Lg_*-3jG 
( _ ;r aLjj (jl (_gl .(Jj-S (j-a Ljj-iil LaJi i JLj>.|j (jl tJJ £ d Uj ->J,I sLj_i_jJIj (jLajJlj 
( _ y jk (^ La 4jJL>. J->^3J i nii'iVI £-a L^LiJI *^>-ljjj J^.'U (j^-i^-II 

(^£J LlSJ =Li_3jG (j_a 41j_lII «IjcjIj ^»jJLl>JI p" mi ! <j^>-J 'U?>^' 3jJ-»-a 

jri t ~ll (ilju (jyJ-lj 'jl J " "^-^1 tiU b -^J j<sJ i4j^_»_a A jl-». MyJJ J^l^ Sc " J 
I ^j" Ajt^ij i£L_ila^e_a Jjljj Cj|j i«Lsc_aj_jJI 4jjj_»_a ^rj i^ilj ilj-C.L.^3 

Jj^IaJI *L»_a^l jljU>- Lj^LjJI ,j-a L^jIj^>.| j_a ir r K m i«;l j_«JI ,^1 al 

*l jJLLt ^jjlIII ^-Umll (j^j lillju lju>i ^j-tiiSLIl cuLal A"IVI |j> ^jjl_UI 

^JlLoll «|j_»JI «LtC-jj (jl (Jj Ja^a Ijuk (J-ujJj .(__^l i ^" a^U j-ikL>Jlj y>j 

ej Mjlll CjLLi^>JI 4^.jj^j^_a JjJLa- (_gjj| jjk iSj^LJLI SJjAUII jLLa 3jL»_LI mj-II 



Jaili «bt-uia^ «Lt£. £_a ' ajSwUl CjLajJLa 3jL*Jtl ^ La au ^ > ^-I (J-a-*J^ jLlitj (jl 
t ^>j scJ.ll i (f\ CjLLjL^ ^ «i "i i" 3a_*J,l al\Jb (jl jJ 4j| (j '« <i.t . i. < i nLil.1 

Lyi -j-UI p ■ a a 5J j j i .i U oLLl>JI I j" j I Luk : <j4 jLi-a ijjjl-y juJuc 

CjLujjJ d " ^ la j J ( _ ;r aaJ3j iiiJjjLij l _ygju^ se " a j_j_c aj-Ll^>- t_JLa (_ ;r 3 

jjLa iiJiiLjLjjJI (_yKT (j-a (j^I' dP^-M o^ oli •j*j- st ^ 2_ 4 _ L ^L<k cjIjI i^r j 

^ i a it (j^. 2Jjj i ii U CjLLljJI cUC j «i -y_a 
sL^aLi. J)l ij^j '"''j' ' ac jj-aJ tla^iJjj ijUjji^Lta ,j-a L^aLj^l lilflJ 

L>U»JI L>bl oIAjl L«£ < Ls-JI 2_*.>Li!l e-aLJVl j jaJj jlj mtl jj m<"t 
JllLlII ^.sLoJI <. * mi < II (j-i-cj)" i ujj (_^J i f IK i"i (j-a ^j—ijj (jl «Lj^jtil 

UjJI Uli tJ LpS.VI 

i^i" i_3j)j^*Ji (J£llu (^ 4_*jLs L_lj>.jJj_i_jJI (JK mi! ^1 mi -w I 

Luk Sj mi " i a <Lj-3jj>. CjLa-jLu «l-J-J-ik (jr^- 2j)j-^j_a (_yJJ-£ ^a'CU utj V t Cl I «iK 
_ (^jjjj—^JeJ (jl jjk c - "-* ^- a O^J iExOnS <Jl! Ljj_^-j^e_^ tiJLukj 
( _ ;r iijJUi^J I jl_a _ ^j^». 4_lj>.jL>JI j 4_lj_ljJI CjIjLiiVIj CjI^jJJLI (ji>^ 

j^j n_Jta U^i^- t^j^ t_Jta Lj!M^- fjj-ijf oli t^J^ ju^ Lj^Li. 

c-J Utl ^Ojf (jj^l<" L_aJii_a I aLu 2 Sjj U II iiJli_af Lj T L>L^»JI 

i tJ jl m->- (j-a '/^ • (J j t i"i"i mJjJ-<-u IjUk ^ i A K J ijLlL>.VIiJ 
w j fl ij»jjJ_lj>JI (jna '/.\ ' (JlLa-l ( _ ;r jJlj mJj-j>.^/I (J1jLLlj>JI Lal 

SJj-Laj (^^a Housekeeping (HK) genes 2_AiJI jjj h, \ S cLLj^>JLi 
cjLLlj». j-tb [jjt j j mtl j _ La j j i ii Cj_ij j al jjJj (jH-II Sj_&UI »r i j j W 2jj 

Sj^jjJLj |j_al_c Lvj "i ri a i.'ii J I i La ri t" a _ 4jU,I Sj ui t\\ ir-iV"itl 

<JLiLLi_>JI ,j^a i_ajj_«_L!l Ijuk (j' (jUiaiaVl j I (jim-jj I uJjJJ • SLj->>JLi L2LJ-a 

2_AiJI *Lli ^lc 2Ji3LjJ.I j! 5JI j i^itl ^Lio. ^1 S—AiJI jjj uJ 3 ^jjJJ 
jL_«_a (^ S—AiJI *l_2_> (jii 5Jjj i ii U cLLl^JI (j-g-fl Maintenance genes. 

2 j l->JI j>l i m <i')l SjjJ) 2_jj|j 0 "i i „| fjAc 2 '^L>J.I (J!>Li- ,j^a diljjj iSLj_>JI 




'a^claJI'ft. iItII 



- 1 ui c 4j-L>- JSL! Jj<-^j tpJI l ua-j? !2_lL>JI i tLtlalj (j^Jj Cell cycle 

^j_a L(bj-_L_CJ a *" C_)L»ajj-l!j Cj| J S J rt J cL_j_^oj^LlJJ^j! d *\ i m,j LjVLv 

(jLa IjJ i£(_lL>JI c-uLt, Sjl>.Ij LgJLa cjjJLs (_^<-!l *u_uiLu/VI Sj_jj^>JI i_ijLLijJI 

iljUfc (j^l l3j~*" 1 " ^ (jr^^' Lajlj dlaj ri T a LiJjJij CjI_Ll>JI ojuk 

/ T ' JiJJtjJlj S-"i>^' J,'^"""U 

2_tL>. q\ uu^I lLuo. ^ J^->i V *' J-«-^-" f-J^I Lj^^ »1 m* < .iLij '2_JL>. 

lljU>. j^^LiJI ^IjjJI l_£J*_aLjjJ L^J d_J-C.jU>JI <LjJL>Jlj . j»J-L_LJ». l_£J (J-ujJ 

^jJI I ij i 'i A j 4— Zj^-LaJLi CjLLljJI <Jj-^ 3-Jj^>-jJU j<s-<-u^L-laJ I lJU>.jj V ^J_j_a-3 
Cm uo J ^IjjJI j-ajlll C-lLtLa_«-a 1 4 i ^ i f> V " U L^L_iJI L_£J a_»-jJ 

^ «Ijj V 3 .,-> .,-> V 'U L>L>JI ^ «I jj i^jJI i^uijJI J< mi t L cjI_Llj>JI 

( _ ;r 3 Ij-js. (_yaLi. (jP'jJ "^^J-r" * ^ i' " ^f^' <_i^>Ui. <l j r JLjJ I d—jJLiJI 

<JL«_^j Plasticity - 3jjjJ J_S_a c.i <.» oli - '^U c 2_ Sj^Ls 

I o ^ 4 K "n (j I ^jtVi i nj d 'J 7" < tL£ t_y3-? (j^> f i<U-a i_J U j s-t^-Zi (_L£ U «J 

4_jJL>JI c<U -w Jj < A ~ TLj i— aj < i mi I o £ Ltj j f j »1 j mi V I « jui . 



Jj i(_Lual JJJ J ^ukLajJ I (j Lu La Lj^L>JI (j! LlLa I j| i ■ i-a-r . J^s-T J 1 ^ uU 

(jjijj jcLml j i ii W j vl . ^"aVIj ^jjjlII ^3 CjLj_j_laj liUju duLtlaji 

Lta JUij? jjJJ C-tjjkj - ^LLa 3->-C j >JI ^ - Lj^LiJI (_>imJ (jj Jj i tLa 2 a Ijuk 
C< + l"^-)lj (_y"-£ g-Ltl^g uALli * C' a i^Li-u ^tjr^"^ ^ 0 mi i J 2 C ^ JJ) ' a " * 

C-tlSJ )lj Ltj ui aj L^jjj>.|j I j "j jj C- ije-iJaj iLc^Licjl ^1 i^VI I j I loj a ,j-a 
( _ ;T £Llj . L^J i.Sii* i n_ij LgjJI ^LLaj j^i-l j) uac C-<j-ikl5j i LiJLaj LJfi Sjj>.L^a 

(Jj t ui a 3 I g-Lj-J J-^>-4J 4j| j<sJL»j (jl JuV Lj^LjJI ij^ JJ^J L_a ^«siju 

(j^jjj-j (jr^-^ j^Ii Connexins cj^L^jJLI (j-Gjjj ^ a i uj Lg_a_<kl cjLLujj^j 

Laminin (JjLsjJI 

d j j ua-C S-jjJuj S-Ju5_aj CjIj j t mi I (j j a j-aJ ij^r^»- dia mi I 4 i u flj C-iSjJI 




ijyi uJj^i-f JLuajI 3 L u/ J tiJLufc SLljJI J-aJ&j 

V " i n' (j-Aj i L^L>JI ^La u/l jJL*j (^pJI <-i\l .S". . ,.t I ( _ ;r iij 'J-?- 3 iy* ^J-^- 3 
tjrtJ £-Jj-i!l (j-a . 4-JLseJJ 4-lj>.jL><JI <JLuJL Jl i aj| JjL-ujj jl < uu r nl (jjjJi£ 

i .i tlSUIj ^>jj i nljj-jJlj >j ' <-»t!C 4_ujL»J,l j_^l_L»JI 4_iJL>JI jl>.G (_gjJL>JI 

( _ ;r 3j .Jl uaj| CjLjLjj ,j-a L*jljL^>- La 4 jl -»JI l— #jj i JUjjJLSLIlj 

4-j-uiJuMj (^^La^-^/lj Cjl LoaLLj-flJI I i a j I i_gjJL>JI (jrtJ jJj-aJI 

sLpJi a_Lt^u SjLV 2_aj>ui ^j^-Vi a_ui jjJi jijii j£$ iS-ui j jl-u^jj^sliIj 

jl iSjjL>J,I L^L>JI ^ iij i nL>-l ^$X\ I jukj J j S" < L«£ . Ji-ljJL 

(j-a L^L>. Cjj_a CjJU>. ^L*i_a L-JLSJI tiJLuk (jl Jj-Zj SjLiful J j ii" i uj L$j| 
jjjO Cc J e- l j <>jLuiVlj isLjJ jJu iJT 2 La J j ik-i^J i *-J- 3 <-LiL><J £Lja_Llj L-JLSJI 

«i-*- jJLp j»jJI j uu M 4_uL_a_i£ J)lj^ iC^jLa jl i.'i m (^,^11 L^L>JI 
iiZjj, <" i ujj fsJl-JJ J-&J <j-x-i.ua a 4j C^L>- Jl-3 i . JLaJI (jU «LjIsLs JU^usJI L^L>. 
Jj t i n (jU't i<UJL>JI (3^J 3j-jA£ CjL^jo CjJLjo Lukj .<GjLj5c_iJ I j o I (j 3 

( _ ;r SjJI (jli t^l kttl ^jJI ( _ ;r 2j L^JjeJ 2_uJJi]l SjLfuVI ^JLLaj^aj (jrtj»- JHI 
i_JLZJI liiJ^a. j»Jlil d t i i r~i 1 1 A j r ju>JI aL^L>. {_yz (J<H (JL-ujLi j— al_j 
(^1 LjJj-^aj JjjjtAJj . jisJVI i—kj-iiiejj ^j^>JI <>JU^> i _ ;r 3 JLcl i uj ( _ ;T ^ i . < j La » M 
I j i ■■ * ' £^a ^1 1 ii M j I t j "ij JLj (j,!^. j_LaieJ V I 'j j i"i uaj CjJU>JI j^j_a 
ija IjUk (j-ujj it_JLa Lj^Li. (^1 _ CjI_Li^>JI j-aLj - JjjcjJJ L^H-ukLaj L^jljjj 

L ys\ iJI J i^i Atl 3 (Jj i i n La-£ IjUJLjo 3_il uaJll ^IjjSU Jj t "" Jj 

(_LLaj ,2_L^:ju>. Ljjf VjJ C^jLs La L>L>JI ^ SjJ_SII «jukj 

.AjLlSJLI (Jj ' <■» Atl LJLu^aj liJUji u-3j i n'^ liJJj) ( _ ;r 3 

iL°L>.tj) (j-*Swi d a\l 0 r- jjL^a^o L^LjJI (jl jJk 4_! (j' ^iJ- 1 La IjJ 

it_!jl_2jlllj £(_il^/l ij_al_uj|j 2J3j_flJI V j»L (jjl_»J (J a «~J 

4_lL>. CjjLji (j I jLus iUj i ML i i ntl (jrU^La jLLo dlli Cjj j jJsj i nj^j 
^LjiJ Jl->>J jsi^ itiJ^LjJlj jLajJI J^alj^. LfcjjjG Sj-l^S 2 r^j < SjujO-j SJljvIj 
.jjI£Cl!I j<u (jljJlaVI j<u jjLjcjJI Jjlj J)L>uVI j<u 43j-i!l Jolj jjLcjJI (j^a 
LkLj) t^yls ^JSs I fll'Vb J-ajJ jLa I (jM 1 La ^ Jl ir-M^I I jukj (JjL«^lII I jukj 
VI cLs^ajjJI ojuk <— 1 J a" i .il La t^jJUi V !>L£j Ij^y ^ '*>^ ^ d' a jLuAS 

. ^_a_JI I fljlr Lkljj (^jJI 2j5cjsjjJI ajjt jscj Lt3J) Lp*3J) ^^Jl dJJj 1 1 glujJ ,j-a 




'a^claJlTi. iItII 



Ll3j_cj iC^jI i—o-l^j C^jL^ ' a j 1 ^ _ Ll3j_c I -i ^ _ d j l-»JI t _ ;r ik ajui (jjl 



- 3 jIAJIj iSjl^>.|j 3 jl-^ Lui 3jIj jJIj i3jIju 

i-ilj^l s^UI (jt tfl i(DNA) a-jSIj^l 

(jjj I <u*Ijl^>.! ij 7i jj jl j o " 1 1 "i i<_iJL>JI 

iSLpJI 3_uljjJI SjUI (j! L*jj ,(_jjj>.VI 

*LLbjjL*_« LyJI (j^Lj o' i3jj!j «i" r nlj 



Mll.l jJL-2j 3_ 



(j-a Jii "m V Cc U - ^ - 3_uljjJI SjLLI (jl-^ '(j'— *' 




SjUJuJu 4 j r jJI ojuk (ja£i (j I (j-a lAjVj i4_jjC.j_! J S " n (jl (j-a L$J JLiV (jL£ 
J ii j 'u (jl (j-a JLjV (jL£ lillji i JL^ful (Jj I < 'i A'i 3l j sell LglaL>. <_'.->- 4_ijje_aj 
j»).} Laj .31 j seJLl (jl_«^a (j^a <L_ticj <*Jj <t-J-a L«-> ^ t n't-+tS\ -I SU I (jjjj-La (j^- 
j-J-C (_^J^>- jl Ct^-J-^ Aj^J (j-* - L»Tl->- _ JLiV (jjl i " i -v. «LSJ tiJLuk 

Ijuk i ( _ ;T jj|j j-^j o"u> i_S j-^ ii-iJu>JI Ijuk <_L!LLk oj%~! o' ("M-' 1 ' ^c- c -J-"' 

Ij-ik (ja^jj . 3Llj>JI J-Z-ij 4_)l^_^3 JUiLaj 4JL**1 (j_a (_£jlll CjJU>JI 

LLj . LjLj ij^>- jl Lj| jl LiLjLjl (jl^ *Ijjji i«LpJI cjLuI£LJI ^aJI^c (^ 
L^jI j 3l_i^>JI £_u^> I or c^jL£ ULj i(j^>-jj (j-u 2^lj_ii SLljJI ojuk ojL£ 

jjja «LjJtJ La i rr i n n i_«jL>. tiJjLij (jl JuV (jL£ i La-^-Luj I o gj VI ^<uj V 
2_uljjJI LgjjLa 2JLal£Lla 2JLaL£ <*Ja-<-u 2_l1>. lili j (j^. 3_uljj S^La 

. j»Lc J*C "ij (jl^jjJI jl (jL-ujVI Luk ' U>C-J-j (jrll LaLjJ ij^jCu^ 

^ i5>^ o' (>° -4^ oVj-" ''^y (o-*tP^0 i5>^' ob^La di!jd 
dlljt^j .SjLj Lg_<-a (jL^ij V I j i j i^i YV ^\ iS-uIj^JI SjUI i a-uaj cGl^j 
d-jjljjjl S^UI i fl-uaj LjjI_jj (j 'v i "_) (jl (j-o JjV i^^^/l I -r "i m ( _ t jJI cLJaj^jJI 
(JLs. jl (jr-iii'i jl S^Ljj 2JL>. (jr^J •*- 5 Lj I (j j a (jl ir-i ii'i V Liiajl I j i j i ^i YV 
-ciajj-JI jl (5>m (jlj_j^>JI o-° ur^ J->^' t-a-uaj ^ 

cLtiajjj jl Ca-u3 «Ou^-» «U^-Sia «Ltiajjj o?^- 1 a^-*-" * <l < VI 4-tLa-C Juu I o j * a 

4jcflJ U «U-iaj^jJI Lal ,^_lL_o ( JLj^LjJLi i jiJL>J IjajLji ^_L>. jJ-c^J cU-Lsart^a 

Lg_«_«_a >.j (Jj I j i j i n i~\ iia-S-a (j-oJ w » • JJ^jlII L^j (_^iJI (^r^- 3 ^ a jl i n II 

^j^l tLiiiJI (_^-ikJ £Ua_aiil ^ 1 '■"JJ .' H LuoJ OJ^ • ^ '~^J' <-.i-t^Jlll d a jl i .i 

CjULLajVI (^LlUI (Jj^LaJI Lkjlj_<Ii a (_Uol^!ij Ij^jj q\ ^jt-i" ljiJ (_^-i!t 

.SjLflJtilj SJljJjlII «Jl! I j_l»jJ I j 



(Zygote) S^tuhd |t 4MUt Uu^Jt. 1 

tljIjJUaJI 21al^ ^iLi. 2Sj^-»JI (^jkj 'OJ-^ 11 ^ Ur^J^' Cr* J 

«j^ljjuSJI S^alj 2_jIjijJI 2_;£.jLj>JI 2_lUJI L^La ^ti <_aj_^ ^Ij Totipotent 
ojuk ^- 1 ir-i" i (jjj .(jj^Vl Lj>L=»JI j-j-«^>- I (jia (jj! ~ i ,i ^luripotent 
2_jJLcj 1(J r-iir-i V" II 2-jJLc Lj>L>JI o^j^Wj OJi^ 1 Sj_l^vjJI Sjjj_ill 2_iiiJI 
^ Lj>-u, i_ukju (jl . i^jLSJI i53i}- c - - ^ j^-^-^"- 3 t jJ jiit "tl j e-^jJiJI 



j5>.;,nJI t -jL»jtaJI lyoljuJI 

cLai^UI <Ll^u^A\ 4-lL>. oj^tj <-i-<£ L$-<-3 4j1j>»- <UjvjJj-u dLv j 



l j j i — j t Lgj Jaj —j ^ jJI (^ujjjjSLiiJI rL^JI lili j izonna pollucida 

3ljjj sUiaj^jJI 3ljj (_gj^>«j 3jUj_i!l SjUJL>JI 4jL>JI L^la <_uljjJI 

Ijlaj Jl j-c-^VI Ijuk jljuj .3 .^jj-JL Mitochondrial DNA a^-aj^oVl 
.(Zygote) 2jtiia 3 s-^ i *b-^- 




(Zygote) A--»^a. U ,l itubj^JI JjjSulI iuiaj^jJb ^o-iaII jL>jI jui (i) JSLAII 

■ 



LgjJ i(Jj-3 (j-a W (j-a VjU Lj-i-j-uo L "\ lLUTlcj (jVI <_Uajj_jJI CjlSc j uo?j 
4j»-j_3 I j" -i c j .C^-j^a- 4_La (_gjJI J i n-»JI Lj^Ls- Ji-a I j S a 2_LaL£ 2_iJL>. (jVI 
cAa-£f J-3 (jVI (^jkLij 5 .^al". JjJa ^ c^jL£ JuLfl iiillj LgJ (J^-J 2_ajLc 

<}LaL£ I .5^3 ^jjj (jr 1 ^- y>Lm-2 iVlj »1 «i i II (jVI SjJlSJI L^jJUj . 1 a A -y 

^_j_^>| cLja- a!XI sUiaj^jJI (jl ja-C-j (^A^J .liUi *ljj <j-« -^'j-i' <_3JL$]I 

JljLo ^Ij^l jalliaJI Ijuk (jLa <(l j < . J-aL£ ^Ijj folLLs (j^l Lgj 

LkjJLi^a ( _ ;T IlJI - alXI 4-Uaj^jJI ^jM^'j i » CjLjj£La (jJ><J 3jj i^iitl Selili 

diLsIlla SjL^c ^jM^j" j ' "II cjljj£Laj iSLpJI ^jJS _ ^jUlL ^»VI 

( _ ;r L^U,l j»VI CjI_Llj>. j-aLj iJlcjjSj SjJLj»_a i_a_jLLij CjI j SjUJUC A-ljjjjj.! 
3j Uj i .i II tJJ £ IjLp i*Lj_a^aVI CjLLljJjjJI jl CjLjj^LU ajui . JLi_*_jJIj l_<J^Ji]l 
»1 Ur I I J-pj i3jUj_iII «La- alXI 2-Uaj^jJI «Lili- (^ jj_a^l CjL^j*_a ( _ ;r Lc 

(j-a l^Lu Y i jlaj 2_iL>JI ^ Sjujljj. ciiLal m ii'il JjV (_yijVl oljLiiVI 

jjjGj .JjJ^ juu I d ir CjjL»jj u^jjjij isLujjJLj jiLp- (j^_L>JI 
jJi^jj p i .i ii <jj i .i ii n (jl Lj^LaU J-jVj ijJJJ (jl ,j^ LgJ JLjV j| ^1 i n ii'i^l 
i >) LaJI j . b» Al II £ys I ^ i n A 'i jjAjoj (_Jj^^/l jj| Lg_La J_JuJ ^j^>- J-^^J 
^_L^3 4_j_*_uLi_uVI ^ gj o j a (jy^II (jr^J ^ ' ^ J^J tCjj_LI (j_a m-AJ ^ a "*o I JL)^ 
<jL^_! ( _ ;r 3 i ii j^g i_jjJI_3 SLS (jIs sGljiai. (j-\_L>JI yLljj .SL_lj>JI 

L^Juc cnjuall^ (^lll j _ 3 5MI j? Blastocyst a^jjVl (j^i^ L^Sj jJI 

^j^l cLlL>JI (_yjkj icLa- alXI djiaj^a-jJI 'LlLs^ ^1 oLjJijVI JJJ-J *( - ^-" cl -aJ (j^-I 
L^j (^LiJI ^j^-Jj" J ' "II ^jj ^1 - 1 ! 'SJjJl^>JI Lj^L>JI I ^ ia CjJvj^s. 

SjaJ^>JI (j-u_>JI Lj^L»- - Sl_ >uj SLj^v (Jjslj_c (jjs l_4J _ (_gjl l^JlILi 

ojufc (jl I i>i_)l Jajv^m (j-oj -iiLH*-'j i-jJi t>u 3^-^^' ijj^- ^ iSj_JjJI 

4_lLs- f>^>- (J-^j 4-<-a T LJe.a l-^K (_JjLjiJ ti^s- ij<u5c->>JI Sj j i i ^ SJlJjJI Lj5^->«JI 
djtiUl 2-ii=Lj_jjJI aJi. (jl JjU (_gjJt «^^-«SJI iSjij^ia 4^tiU,l 2_Uaj_jjJt 




jS. in II t -jL»jLail jjoLuJI 



Marshak, D. R. jl t«JL<i/jLa j>l<o as<,] La Ijukj . I , , , „\ (&^>JI S ^ 

cLjSLjj^o^/I tiJjjjj-u SjV^J jJjLk jjj_j_<j/ jJj^ ulilj j"V o ^^3 (_," t j 11 4_2jj_3j 

( _ ;r ikj 4jcfllXI «LUaj^jJI ,j_a A -i i S i 1 1 L^LiJI (j I <j-\-J-i L)' ^ ' ** J 1 

(J£ (j-*" fljl Laj a (j-d-iJLi. (j^-J iffta-jJI (j>-3 ^->J-1L^ 3Ll3 (j-a Lg_lL>.j 

LljjI (jLse-jj a3j I «i i»jjju (jLlSjLLajJLI (jLljJLiJI (jLjLk p ■ ■■ 2 " i4_cL_u T"\ 

(j? i LaLu 2JLiLLaj-a L}L>. tiJJj ^,-3 (J-&J . I JtSLikJ LuLaJ J-JJ^I J 

Totipotent 21aL£ a_2jLa cul jjls ^1 jjJI L$^aL ^ LdJLu l^'.a 4-iLi. J£ 
LgJ jc_uf jJ J-aL£ uy-^ «L^lcI o-« S^j—ila L_$ia }L£ (j^L«j cells 

( _ ;t jJ1j i LaLaJ U" U jujIjJLII 2JL>. t _j£ (_Jjt_aJLj iijJLj»j La Ijuk (jl jJsIjJIj 

( _ ;r aLjJI ,j-a tL»-j^>JI *lL>.jJ,I liilj LjuiaJtJ (j£. L^LiJI £ * j ?t!-" Luuj 

<L? Y • • • f.L«JI j^Is Gilbert, S.F o >Al>. . j <j! jlu . I ju». j^Lil ty^i?-!! 

£_a I ^ i >n j 4 S i ,->" I a LaLaJ cLL) I U" 1, 1 L^LiJI eJJt CjLSjVI p k < a ( _ ;r 3 

f^jLaj CjjLjj £-a _ 3jL>. (j-^ ^ d ' * (J^ 1 " ^ 'J f" iSjLa-lj UiK (j<n.i 

4_lL>- *j ui C Cui J I ^-il— 4J cJJju 4_iLa.il a - 1 j Lu a I i__L)VI i *j ala 

<jf ^ t i II «i-Sjj-aj Johnson, M. H qj -J^-j La^ . ( Yi ) lj£L_j 

i LaLu <_2 u___a — ^ j u__ l_gjL_3 i LuLa-J (ji_Li>JI L^Li. JJ_c — ^ j i _j (j-vj»- 

^ i ■■ * ' C^jJI • ^ ' f 1 ' iiLaJIij (_Jj_22L3 1 ua-JU 1 j uajLJ J ifuJ £LLsjJ>_Ua_aj 

ijjj" uuS i L^LiJI 4iL L^Jj^s- (j-a £-aj I ,j Lu La_i^ jjU-cjjj Jj^aljjj (jl JLjjj 
i ' "J tlrpjj— Jl (j-a C1jLlj3^. 4 " i .i £^a (jj£Lj (jjJJj.! (jJ^-J (j-3 L < _ i _a- ^ - 

(jj£Ljj io iaj«_Lj i,j ''^ «j L>L>JI Jajp ^pJI olal mil ^ j-j-Zj Connexins 
jLaljjJLi d j miI i^yjt i L^LiJI (ji_i cjIjJu j\ cj L?- " a (jj^£!jJ 2jj-a 4-Lj_a^c 

(j^. Jj^alj-jjj L^jJL^j ^jljJj (_^ ijjAtj (^1 I (j i ■» i L^LjJI I |j i a j-laJj 
L^J d AKU «LajLSJI «Lj-cVI £LajLS_a U" i ."i (^,^-3- (jjLtJljj Lg_5j^Ia 
L>L>JI I (j o (j A"i ^,111 2jJL!l fjLiJ L>L>JI (j^j CuL=eIiiJI «j^k (j-aj .liilj 

t(__) n'C < l lj mJj — i.| (^Jl 4 j La- (j-a CjUjjI i^'J 'J^jlJ — <fu-J 1 (_y3 

(j^ Lkj_^C. I JL^J i La cLijIs j j | La 2J L<-uj I (j t a <JLa L». (j^J Jj_jJ I Cj L5jj^>- 
3jl o "j i ii S-Ljj j_a-ij (_^J-^>- Lj^LjJI L^_jJI ^1 " -»o di I a i.iljj CjIjLiil 

. ^Lal^ LLti». AjLjill (^ (jj£!jj jr-ii^ -V "n j 




'a^claJI'ft. iItII 



j-cJ-j (_j£J jaa-j f_y£ (j^_L>JI oJlj>.Lj (_gjJI ( _ ;r x.lj— ill £_i^3jJI La (_£jj 
L&Jlitjj jjLa- g U ^J"" ' a II £_jus^J1 La 'J^>*^ (jr" 1 - 4 - 1 j' S^Lcsai. jl J^-£J (j_9-i 

(jiaj Anterior - Posterior Axis ( (cr iiiJI . ^LaVl» 2_^Li- jrU^JI 

ScujJl^JI ^ fjijj 
<Gljl j'^l ^ jljj-j <u! Beddington, R. S. ^1 (j^ULjj_u . j J^2j 

SLp. ^ I J-^v Sj< j U J^-ljJ.1 jll i 0 ri l-^l _ ^LaVl J>^>J.I (jl jt— aJI 
oLOLi. (Jj*v i"i"it ^ i j a (j1_L>JI «JliLikL^oLa itbLil! tL>-ju>. 4Lvj_a ( _ T JkJ . <j-<_L>JI 
^ iir->ll ^jiihtl 2jUr 2ja i»Vl SjLc. 2 K mi a J!Uj (_y-&>J '4jI i>ir Ij 

,( YV ) Lub a K .LU oji^j (jjib-LJI ^jKi^i jl ijjiiJLI 

(j"LL>Jl ■> "I -V JucL-UiJ ^TJ T Ir^lll JjJsjJI Ijuk JljjLj>tJ (j^ L*il jj l^ t - L - J o l"l_t 

J-<uSj ^^To- ioLj}L>J J-aUjjJI ^ <U «Lajj-djJJ SjjIj^JI oJaj^iJI lJ Ji£. jj-uJI 

a-jLa- j i .i «lili I 3 «-uaj ^yjJI Lj_L«JI (jjjljll ^1 c r J liaJI w fllj diljJLi 4ia-2iJI ojufcj 

(jjSLIlj La-iJsl j Ij-jLj jjLjj ij-^ILi VI ^gjj V ^ jJI ^_L>JI I jjt jl tiup. i^Luj 

(jl 1 n ^ '(j'Ki uJI J j <i Sll j (j^j^/l (jljjjj lLLI Jl^ jj Ljj^ isLLo *j-^>- «b'i/ ajj^>. j^o 

J^jiiJI <djSL<iij (jij <ui j_uL3 j_«2JIj 2_loL>- 

yUI j* U 

( _ ;r iL>Jt ji^" 1 ujUi^ h_jLLl>JI jjb j<uj i(3^>-!vUlj I j * a |_jjL<-JI i I 4-i^2JIj 

5j£LJ,l ^ ^LjUI Ijuk ji^Sj (^jJlj lL>U j)i'i->J,l LULc ^ oljj V ^jJI 

SjLo LujJ (jj^i C^-y-'^' ^~*-} Cry - ^?^' jjU'tl j^s Sjus-Llilj 
(H_jjj>. (Ji-lj t-jLjjUa i_jI_Ll>JI ojuk (jl LtA jiT juj (jl JjVj .i_j!_Ll>JI jj* 
(JIiLLljv j-o i^-^>- (^l I j '"v- i4-sr <ill,l d i^ijj-jJI Sl_jj (^ i_i!Lufc jjLSJI LjjJI 

SjsLi 5_»J_gj 1 n a 5Jj|j 1 n U ljr 0, I o^j ia (J£ (^ (J1jLLl>JI ojUk i^VI (0^>-J jl^>- 
.(JjsL^ (jl utjl (jjjilj I aj 3 cU u i^^^J-ujjJI ^^LuJI S_^l j 3 (j£. 

jjLi J^ju iijju i^jl-ij-*- Turn off jjii (^Jl 4jL^_<JI ^ ^j-UajIlj 
t_y£ j<uj (Jj-sIjjj JjjLjj 4_lU_c (_^j^>.| ijiiLLlj». Turn on i Uj i". Sj ^It a 



jS.i.nJI t _jL»jLail ^yoljuJI 



(j-a dli^jJ La JJI (j-o tCuJLs-i La liJJi j_y3 SjLcjjla ijoSL^o ^Li ^La- i n il 

(jl ( _ ;r litAJ .(ji_L>JI (J^ tLajLsj dJijLo jl £LlL>JI £ Lp- dJiiLo Lg^aLa- '"'l 1 1 aj 
(JLtb ^ J ' ' * j fQ-> C L^*-^ g ^ c *0"?" ^L-Lu J-^L- 1 ^ri-*^ 0 ^rP* 

I jufcj ij^a-l 0^>- I JaJLfl jjJ-t£.J jiJAJuL i (_JS^jJ,l d o (j 1, 1 ^^^l j»ljLo 

jjfcLifc »1 mi t M cLoLo? i al> JL3 IjjI cr^- ^1 <J"*-*^ O' ^ 0^-?^' 

(j-° (J^5-^' O^f 1 ^^ *ljlJ (*J-^iS d i m flj (j^. j— (Ji.JJLj jjjLi£. t j (jt^_) IjiJ 
djj.} 'J*^- 0 (J-*^ 1 (j-° djLJu La ji i(j-<_«-a (j-ujj-i S^LiJal JlLo . 

jJaJj OuLS p (j li'i ^L5-o i-Jj i ia i I J . d_iL>JI (^ caij (Jii. tiJLi-ifc (jjSLj 

d 1 1,-> ri i« lLLljLloI J-«^>- i^jJI Lo i n" o ,jji*_>J! tiJji-J jjLlssI 

dj3e_aj_j^o cLaSjJI ojufcj « riii") SLjtS joj (J-«-*J «Jlil-Lj^. tiJLuk 5 d I it-i"a J-^C-J (J-"-*^ 
^ Cjj o "i "il ^1 ApOptOSis Lj}Lk]J J-oj^i! 3-t.Lt <-a>JtJ Lu I n < t „ a 
L y±«J>S\ Jl-lJI jjLi^sI «JIiJljJj J-^-^J i^i I Jj^sLa i-dL(j& (jL£ La f.\ i n n') VI 

4_lL>JI (j-a cGj o " i ..I L&jjjij t;T -ikj d % i'iLiJI L04_>JI LjjJI >(_gj-^>- «Jiil—iis 

Lj^Li. ijJLufc (jSL! iSJjJljv Lj}L>. o±£^ ' ^ ^ 1 " d_iL«_«JI (jl Jljj .d^a- flUI 

ll!jJ_4J (jl t_!^C.J_a JJ-CJ d_4Jji^ C.TI l^lj (J-o-ol SJlJJl^. Cjjl^ 

.(J^LLl=JI j-oL Lila L£ £iKj 
jjjJa _ djL»-j (jjj _ |»LaVI (jVI i>i<i" jjjlII dljla Lj>L>JI (^ La 

1—l^LuJ Ll_L>*J 1 ^ L^j^liJbJu& (j dl^> 

(j-a p i ^Lla (_L*j i/uac t-Vli a jj i" "i (jjjLuJI <_jjLuj Lj^tLc (_Lj-«JI 
. i^jjj (jl (jj-i j-^^ij d tj j , „ LlL>.1 j I Jui (J^ (jl i_i- t je-<Jl njLuijI (:Lb 
Luj-Sj Lj!>Li~ ^LttJ t>_L>JI LOLi. jj^c J-^j (jVI jj>«-5l '-aj' 

.Morula (jjjiJLi Ch< i 'i Jl3j 
(Morula) d_ujiJI _ Y 

(^ I jbk jj^>J LJLc. i Lj^>Ls~ (^Uvi (j^_L>JI Lj^Li. JJlX. Jj^aj t>e>- 

_ (Jj-3 (j^S Lij-^l L«-^ - (jl-L>JI (j O I M_l itLcLu/ VY JlJLJ jl 1—1 1 Ir-1-->.V1 (j^O tiJ LU I 

d 7i i r-i" I a (j1_L>JI Lj^Li. JJljJ Ur^J •Cijill d j uU (^^^ - Li 

■ 



'a^claJI'ft. iItII 



(jji^LiJI (_y^J ' L*.5JlX. jjLCi JL3j t_jL>. ^1 \ /j i'r-i t\ dia j i i>i aj 

tfjuk (^lc: Jju i .Mj iBlastocoel 2-ajj^l o-"^ '-^iFN J-'CiSu 

UJI 

iiu^^JJ i^jLiJI iaUJl ^^ic jJ3 L}U. .Trophoectoderm ^.jUJl 
Inner 2_tii.ljJI 4joli»Jl 2±^JL <_a j^u La ^ L$ia 2_ili-!jdl L}LJJ1 La-Lu 
culi^ T**' j»UJI Gilbert, S.F tij j 4lu La I jukj t Cell Mass 

L}L>. _ 2_s_JaJI «jok L>L>J cu_lo (j! c^*i5 ^ Y0 ' 

dlljij L$lu ,j-a (^jLj i_acj_u 2_u_cUI S^lIjJjJI ^j-C-jlaJl Lu_lL>. - 2_iii-ljJI 

U M f Johnson, M. H. 

cLl>-jL>. L^Li-j tUli-lj L^Ls. cLuaill i nii'il (jl Ijjtiijl ^"itjII cLaj^Sj 
JIaj tLuclLll (j-a cLl>-jL>JI L^LiJLa . d j j U 3 (j-a cLujJiJl 4j j^-a^J U cLje-lu j<uJ 

i>«3 . oJ U"q>Ul «.j^JI Jl«2 a_jli.|jJI d±£JI L}Li. La! 1o ,US 11 cj^Jl 

Lufcj SjjLaJLaj d .i 1" V a LOLi. gSlL 4_uaiL! SjcSUl L^LiJl ojLjfc jcJajj (^Lu 
J-iH Jlju Jjir-i ri"i 1L LjJjLli e-ac-^ ^Ij BlaStOCySt 4xajVL jry-^Jl ^ a i .n 

. jrU^Jl (_^aLj (Ja-lj-a <j-a Sj£Lj^a dl>.j_a£ 



^1 j j < „ (^Ij Trophoectodermal cells 3_^ajjSU 4_i^>.jLiJl L>LJ»Jlj 

4j_j1>J1 2_bSJl L}L>. La! i3 «i j mi U u U . " t jjLa-13 i_3jj-u _ <LlL>- OT LkJJ^C 
<LlL>J1 ^j^a-" t .i LflJua (_^lJlj JoJia L}L>. (j-u^ii- LkJJ^C ^1 n i .i (jillj - 4-iii.ljJl 
Yolk ^J,l (j in^ I Jl£j (j1_L>Jl cLa- i uj? £j_a^>. w 1^ «"' w j 'a _ 2_tlujJl 2_i_c.jL>Jl 

.tCbUa-j ijrj-^?JI 2-«^Jua 4j*^i! t sac, Amnion, Allantois 

Ljjiej LaSljiJ «CLlljJ 'Lj-'L Sjjjj 
JSLl j»J-2j (j I SjLsJj d-iliw ^_i !o" mJ V il . JLjxIj (_LvC (3i>-^ (jr^ L*- 4 OJ^-*-" L)' 

(jjIjaJI Lj-a^Ua ^ Sji^-lj lS>^»<j l)^ 6^-*^ ^ I JjLa . Lajij^a-i «(^-«ii 

<-dlia> (jK U, Vlj i^alj^JI J£ ^! t d n't O^l (^a dlaLc «JuLU^JI J^-a-»- (^L: 
jJLaj Jj^sVl (j-a (j-a (jjljj j-aLjjj J-^sjJ ^1^ 

(Jjj_ls <L_lL>JI flj joj Sj d_j_L>J (_,-j1jJ J-aLj_j (_L; uu^\ 

CliJL». La^iL^jjjjl Oo<J JLoi^JI L^Li~ ^J-aa. S^LlSj J^aLiJI (^IjJ-Il I $~r aLj-i 



jS.i.nJI t -jLjjiail ^yoljuJI 



^j_«^>J 2jj£l,| Hematopoietic Stem Cell ^jlU <L5_iiXI ju>JI 3-iUJI ^> 

k:Ij_4J>JI Lj^Ls- (^3 (^iljj J-^J-J ilILia (J-ujJ djf <-2>«j Lj^li- 

U£ j»jdJ 3 'j mi i U 2_lc j-j>JI 2_<liJI (jJfcj f»! 3jo~l j 2_lL>. (j^a (jjL ^_Lxi^JI (j! liJJj 

j» J-ll <Jlilj_£ 2JL». f_j£ • 'a b jej j o^/l L «-u-J . -> t tx « 1 1 j_j_Sj ( _ ;r 3 JLj>- jj (_^jJIj < l-i^S 

L-ajLLijj <ti£j_o L$J^/ liJJjj o^*^*" cPL)J 2^°^>^ (jr^ l£>-^ : * , - ! Ur"^' ■" ^ ' ^ - ■' ^ 

jL^>. lSj-jSLII 2_<_«_&^l oli S^Ll^J,! ^L^^/l ^lliK ijjlalJI L^bj-a mJj^-! 

(jj» (Jj IjL«-j£.I jj^*.' (j-^- ** ,: **.' jaSLa^o w Uj J miI 1 n" dj! .d_cl_UI 

(jil .(j- 1 -'^-" I (j « o dij^jj dij^J jaJ d-jIiJI Jaju V ^rijUjJI J miI 1 n" 1 1 I ju» j-^c 

<> S jKll (jj» 0-4 «^-"^-^ L» I < (j-o Lj^>_ «lu ) njjLLiJI qj» juV 

La I jukj tl <jifl 2_lLs~|ji!| 2jjliJI 2JtSL!l L)^L>. jjrtJj ^ojj^l l>'4^ 

(j! (jjj (jre» t ^ "^A ^UJI (^btJI d-Sj>3j Nichols, J. jJjiLu . J d-a^sjf 

Lj}Li. SjjJs 2Ji3L^>J,Li f.j_2j l( j^>JI (j-s a_jL»-|jJI 2jjliJI S_bSUI 
2_Lj>-jL>JI 2 S tUW ^j-2j JjLSJ.1 ,„ s'.VI Cr l c . 2_<_».jLiJI 2 2 JaJI 

Kjb . j (jj» j mi a jlsj .'■ YA ^ Juli. I jJI 2±£JI Lj}L>. jj Ljjj jaj S_lU^ («cj-j 
j-Oit^j Kunath, T. ibLjjS . j I jlSj > ^^A j»L*JI ^ (^ijtJI <t-2jj-3j Tanka, S 

(jjLilIl I JJt Ijj_<ji3 1 Y * * S j»L*JI <USLjj^o^/I iJ-!jjjj-U 2jVjj jjjjL* £_ljj_j-<-u jjj£ 

<juljl_<iiK (jU-ju «JbLljj^. jj-^i a_Ji.| jJI 2jj-LiJ! 2±£L!I L}Li. <jL JjLjJUI 

J^Lc jl^>.j_j idJj JLL^ .(^JLjJI 
L>Li. jjLaj 5 jl* c >ftJa ~ jlcI .n j .Fibroblast growth factor -4 (FGF-4) 

(Jjjcj ijjjdl (jrtj 2 tn itlj ^Jl u<aJ,l J^Lp d-Sj^ia ^^icj IjvSLaj .2j^.jLkJI 2 7i Aaj\ 

Jal jjJlj cLlJI j ,,i ->j| L>U>J j»L*JI <_3j_^JL3 t L>L>JI jj^i (jjLijJI 
2jyLkJI 2±^JI L>Li. (j^j jjLt-JI Ijla LJ j m, jj j_3j .2JI_o,jJI «Ll^JI 
2_^>.jLiJI 2 S JaJI L>U. (jrUJ < J-4J J—o OJJ-flJ Loj 2_xjj>U a_jl>.|jj| 
LJ j , „ jj jl3 <4_Ji-l jJI 2_bSL!l L>LiJ d-oj_Sj Loj Trophoectoderm 

j_jlij,l (Ji-lj l_L«_L>. m^ii" <LlJu_l>JI <L^cju>JI L^LiJI j^j J-«fa3 >_u i u I ju» 
(—iLjjlI d_^>-jL>JI i iJaJI Lj^li- <_jLJl! 'l^uj tiUjiJ iCij i" mi o jl (3^= (^r 3 

f-U uil JjLuj <_3jjjjJ . l " ' 2jjjj^l ^,3 Lj>L>JLi 2U_.^t I jLu^l 2jj>Ij 3.lliJI 
.^JjiLI J inii II <UcjL>JI <LlL>JI t _ > ^ajl ia> dili jj| J_ii^iri*itl 1 j^o 



(jjs j f j oli u» I j J j < d j U r I J jj I ia ( _ ;t ILJIj itiJLlIl 

Blastocyst (<wklt) 4*|j?t yMi£ a r 




Innrrmu 



^JLs-j (j_a (jji^aLiJI ^1 ylj-II tjr^ (j^ L)- 5 " ' ^ d' * J-J^ *Jj ^^i^. 3jj_c 

(_jl«J j— <j>.^I <L*-2j_a j_yJJ i_jjJLa 3Ll3 1 j_a <L2jjJo -y alll (o_ajj^/l) (j-LL>JI 
i2_tl>. ~\ • _ OA j^ej Lu>-2j 2_ajjVl Lj}L>. JJlC Jj^>J Jlj3j ia> jJI jl Jlj*j I J-J-S-l 

1(J iji->JI (^Lilll 2_lL-C ^ Lxua-aJI Ot-U 2_ajj^/l J .(0 uJI j taj|) i2_ili. 
CjJl^cj I uajl LgJSLl i4je alll «LUajj-AI w flj j_j^>jj J *v ." "t Jjl i la &2 <■"< i n -J 

jJLj>.V lillij tb^l VI I jlll (j^-i ua V "II J (_JjJL>JI Qn ua V "II 1 <j J "I 
.(Jj-2 I j j II l-jj-^l (.^Ilj lij^LiJI <L;L^jJjj^>JI <^u-LL>JI CjI_2jjjJI jl '"'l S j LaJI 

jjSj a_ajjVl j! ^ ^UJ! <ji*-i]1 <«-2j>3j Fong, C. Y. jjji . j j-^ajl j^Jj 

j»JjJI ijLuj^yU ( j ni-> ll (^Lilll Jj>.|j_a ^ (jj/jLuJI jjJI (jji^aLiJI j»J-jJI 

(jji V j 1 (jrt«>JI iTrophoectodermal cells a_ajj>U 2_Lj».jLiJ! L>LiJI 



jS. 10 II ^j'i. i VtII JjOLuJI 



1 j_a j_llj_!l jl— aJI <UjL 01 La (jl m tVI ^ n i ->JI (^Lllll <L_lU_C 

^ Jljlj j«J 1 (jKlj ij«^>-j-II S-ajjVI <L_-3 Jj^jj ^ 'i u yj\ ^Lill 2_lU_c 

oL^lieJ (_ysL>JI j»jjj->JI (^LlUI O' 1 -^?'-'! ^Lollc I L° J-*J -("^J-" j' 1 ^ 

jjI ^1— lILij ^>-j Lj^Ls* (j-u J— «-i £jJj J 3 .dJaseDI lLUj cr^* - JaJLa 
jl ' S aj J- Jl ^ 1 0J-Cj-ja cr^ j"Cu i_3j_u La Ijuij i Jljlj J t "i i n j j«J a^I L}L>. CjI ij -v. 
j|jL>. ejfi jjz ^>.j-II «LajjVI il-Jlj La JL». J-? cr^- . «LiJLj <t3.j cr^J 

6-° (j' ^"-^^ £> -J-^ Cr* ^ Cr^ Cr* L flJ - U J . 1 <jj a -VJJ LftJjJj l_£J (jl»-! 

(jja £J-*JJ UJ-^JI p a S flj LaJla LaLu iZonna polllicida ^^jjj^-CjIjlII *L-L*JI 

jl>JI I Jl4> j-Lc Djjj u <j~ij j! <d jjV jK *LUl!I I jla j! jJaiyij .3_Ja_<_JI 

<±jjJl3. £-La (^jJI i3 lijhj (Jja 4_JI J£jf La ^jf 4j| jl ia».jJI ^ jljJU Ijuk 

(j^Z ^»-jJ*l u>^ Cr^ j' (J^J. 1 ^ «La _ JjjJaJI Lijlj^lta J5L>. _ S_ajjVI (jj/ljJul 
LJaJLaj i^IjJljVI Jjja ^jj CjLal , n S'll SJljl! «Llssj_2 tilljiJ Lt-i< a i<LajLjJI j»LV! 

La ^jj/IjJljVI (jj^j LiLij ij«j>.jJI jj_a t ir^ill (jKJ,l ljr h gj^j ^ SjjjJlLI <u^5j_a 

.i_iLuai.VI 4t\ ar ,j-La j_^jL*J*I ^1 j^aLII ajjJI (j-V 

. \ (j a ->-j Ji-I-J JJJlJ La (_JjJlJ V «Ljs-jjjJI ^yjfc Lfcj i JlJ Jlj>. jajj (jua ui Cj^j-jjI 
ua_jj LkL^Li. yJI uLj^Lkj Lcjil Juaj diL LUi>. L^Li-lj j' ^ Cr* 

L^il^jj-ol Sjl-iJ cr^ ' " ' ^° * -^J ^-°JJ^^ Cr* d ♦t- >a j^jk jjj^jjj L^la ^ «U a 

3j_^>J,l J SJljlII j 4 j jt-itl (<ts-jJ! jjj/ljJtjVI 2JjLe_a ^j-»^J (^-Aj cr'^" 

(Jl j S" i n V CjJ-cIj *LaJiJ CjJ^jJ f^J-'l j'-^" l_r°J^ 4> 3 * •'*- c ''jj-'^ 

3L_>Jlj »1 S j II jjj Jl j S" i nV JL». ,_LiJ>.lj (j-^jI o i j <j" j cjJlj». ^t-ir I 

Djui Cj-lL }La . Jljlj (j-aj J^- 3 (j-* J-^Wj £ * —a ' ^ 'J 4j1 i j ■>. j^a diLa-j-lt-TLi 

J j' J^-l- 5 " ' " j L-*^ Lz jjf j! _ ,2>a L^_La Uj . L>LiJI 

j^jj 4jjIj a" i n VI J »1 S j II <LLa jus-Lj . 4 j l-i <la jLa-LLa «L-Sj <LLa l*j^>- ^tJ uajj 

L>I jj^La iJjS j^a oj-^ju j«Jj suIjljj j«J *LojJL 4jjJlj>- t;T 4a > jjJl>JI L^jLSLa 

(jit a <> jt~n"j . »1 S j II ji-uj j-J-ieJ cr^*" ^-J-^JI J J J S"1l J j<Jjl1ILi j a S j I 
i<li>.L OuJ JlS «JjJlj». 2_ls. 2_uIjj 3jLa (jL jJL^ii JlS jVI I j-g-S i3Ll>JI 

iLjj (4^-j-II tilli J-J^ Cijljjl Lai£j oljjjj jJ^lI p i » S '"j j^Jjj (jjfc Lij 




t<LLJj a_»£L>.j 4.a_uax 4_«._l3 Cj 

(j-U-L*-a jj aLu j-^T j>j * mi j c-ijJa^o J-^>*T ^j-ul i n"vl t La I ^ ■ i a J t_Jsj_»_u L^jI Cjj * r."i 

jl>.I j (jjl^ L^ji_i j^eJj (j i L^J (3^; ^1 j ^lini j-Ujjj (JJjuj (j i LjJ (3^; 

J^-clj— 2JI (_>i"J (j-a Hal j -v 3l j -»JI tfjLji J^-»J (jJLL& HLjt—a (j-Gl j jj 

jfl 1 11 -^11 i"ill j_u^> jji (Jj_9->JI LjJj-i^sj idlLu_>JI LjjJjjj iCjIj jLjjijJj^LIlj 

4 t 1 n"i Jljlj (^Lj i—ijJaJI j «Ut-Hll j.l 1^ aj i^^UlUI (^lill (j-LLsil ^^Ij 

Jjilo tfj^Tj «j-j-C j dja£. j t_tJLj <>t-i 1 uji J 3 jj djjl ijjjia "-^j-C- Lj !3j^L>. j 

!21al£ j_J^JI 2^aS <di-|j Ja^cj 



' x l x * ""'i-"" J-'T" " ,0" i" 

t_y£ Luk (jjslSLIl ^IjjJI cLaJaUa I Jjj 1 M'j-^'j *l jjJI (j-a <— li jlU'ia 

mJj^s-IJ (J-«-«-II ' " ■ e a j" CjLLj^. CjLiJbeJLa JU>.Lj oLj^>L>. 

d j J ' " ^ *•— ^J-^-*-^ C^jJlj>.^ i L^J ^l_j_2J1 L^fJ) (J^^l ■ fl-jlIa^JI 4_ijJ_a (J»a_»j 

Jj ojZ . |ju fl-au jJi^Ij Li^a-ua iej ji^l Lj^L>- J— ^'j J— j^'-^^J J— ^'j J— 

- ^ ^^V fL^I Gardner, R . L . >i Lc^ _ o^i^iJ ^jVl ^L^VI J^-l 
Pyruvate, S-jl^Vl ^L^Vl L>UJI ojuk SL^J 2-ajMJI jj^ a 

iGlucose jjS^liJ! 4^LkJ! jj ,4^09!]! Lj>U. <Lactate 

d-jj^lUlj 4j_jj_>JLi d a «riUj 4 t-i i'iitl (Jj-\_Ir>^J 1 LOLs- Jlaj-»j (_3j_<j/ Lo-Cj 
I^JJJ-^J fj^ > > a < j^^iiJI (^J-C Liajf J^Uj i_aj_^ uJaaIJ 



jS. in II t -jL»jLail jjoLuJI 



j»^3j ^j^- j^-jj 4jf Y« ♦ • ^LJI iJ^J\ «Lij^j Carayannopoulos, M.O. 

4j luJ j^ill J-aLc Glllt 8 A cljalc. fjij uxi <LlL>JI Ji-l-i (jJl jj^iill J-2-Lt 

^ l SjI aji (J^I^jJIj j«-c.LuJI SjLJuVLi jjjljv Lxjsj i ^ _ (j-Jj i 

j a KJ Jajjj-Jio I j la ^J-xIu (_^lJ! CjIjU>.^/Ij <JLiLljj^>JI ojuk {_)\-£uJb<iX\ 
j j j la £-a Jj^lj-ij Glllt 8 jj-^J U II (JjaLLl! jJI j j j la N "' i a i4_lL>JI 

( _ 7 jJI 4LvjJU tfJuk LaLaj i _ij I la U J-Aj 'O^J 1 " '"'N J ' " " jl <— i I o « nlj 
j<SJ>OjjJ ij_jl_«-l!l (_,_!! i n fljVlj _a-a-L!Li (j^i>JI Lj^Li. (J£ I (j j 3 J«~f i"i"t 

La>jji^i a (^Ij S^LLJLi VI (jjSLj Vj t 3 nl'^dl j SjjjjiJI «j^M-cLilJI L$-^ 

tJ-lJ JjJljx-I!Lij i2_ajj^l j o r (j^o 4l>.jJ,l ojbfc ^^-fl-S i L^ia JLlV cLiLSa LufcJ 
3_i_cj^>JI LOLkJI Qa£j ijLflll Cr* f 'j-" f>i-"j oL^VI V j O (j-ysj.JI 
jJsj A <jUI mi "i £j! ^ (jjSi l 2_iii-ljJI 4j_aliJI 2±£JI ^ 2-jul_£Jlj 2_j_LjijJI 
£j_a^>- »1 Ur Ij ^1 i n ii 't VI (jlz. cGj jJLa (j^-J "JJ- 5 (j^- Ur^'j-i-" ' & T " ^LH J * ~" 
. »1 m" i »1 (jjJ (j-o cLlojjj^>JI Cj^LSJI <LtJLuj>JI '"'l S-JaJI Lj^>L>. £jj-*l 

^j_JI L$j I il t L&g in JS-ta jjjij I-4J j » mi* V Cjt ilI1 |»Vl (j! VI 

(jjjLl^tJvVl (J^><-1 0 1 7" a J ' I J a J L« J^LJVJJ ( _ ;r 3 «l^tlo <1_J-C.J_! (J-OJ>>J 

I j * Laj /"iM . '-^ f -r o j i <l , i, «it i ^ II ^lj^>JL^ "ujjIj 3jijji_ili CjIjI ' a ~ c I 
t_ i ge i n t ^jl La ^ w ui j tSjicl ' aj a 4_ij>.^_a 4^jj>. LtmLii l_ij._L£3 L^jj-ciajta 

' I 6 o fl I d " j.-a J->1_0JJ \ (^Jl L^Ls-Uj La _ (jjj (j^s _ 

* t_^Lc- 1 (j^l Ljl^J L^ii^IjiJ La (J^ L^jJij_a OtJL^Jl^ 'oL-ii' ^JJ- 5 ^^"^ t: -^ 1 J~^ 
iCa^ij C:* i n"tla I fe-"^ L7 k. ' La » i ia 1 1 ^Ijj Lj « -t i ■■ i * I i a J L^>.ljijl Cj Se CL~u\ " a 
j^>.j £yj I ^ o flj La i " i ]r\ ii t j nlJji,! jojlLd jiSj^ d itU't oL^iSl ^1 I <j o'^ 
OuK" m I j «Jliljuk joj iSLa-ULi iJlij liUj SLj_>JI jojlLs C^jati jJijScj iSjIj^aj 
il_^_aj (^Jl cJ-uaj Jl2 «J^ljlj^l di! j ^ >_u m 11 (j! V . 

<U£. LjJj-C. I % j i"i d j i .i "i ->■! (_gjlJI Lt J i .i -v fjJs Sjsjj^I (jjjIjJLjl cLj*_Llj dilij 
(jr^. ij»VI j»J » I ii i <~i j «jjuk J^>-»J <— 1 1 Ji— i i>i a Lal i n -v. t tfJLua J-J-y ^lj-^ 

. Jj< t n Lij ,j-a L^J 4Lj->u La 




.Trophoectoderm 2 3 As Ltjji^a-a ^Ij Trophoblast L}Li. jVl LbjJ 

2_lUc Juu) ?Juj L}L>JI eJJt i2_ajj}U 2_o-jL>JI 2 SjlaJI LjL>. LUk La£ ^-Aj 

Epithelial 2jjL$JiJI L^L^JI 2 -J j « ^ jj| jl ju>. o"l 
SjljJl^. 2__ u3 L>. 2_^- i, i jf Lj^LjJI a Ixjl j-a i(9^>- >I! j! Jl^>J 2; UJI cells 

Juu liJj V j«J ij«j>.jJI jljuv <Ji-lj Laj-^Sj i_ajjL><j (jj^jj L&jjJlj ^^iJlj i2j^j^l 
I jui jj^JJ ij»VI {ja 2jj_^j 4_j_cjLj Jl_4J jjl j ui c mJjL^JI ^1 j_iI/L»JI 

Jj^j i^j^j JjJa <j_a Lla U£j iPlacenta 2 < n* 1,L i_3j-«j U iiLIj j— *j jL^j^I 
*1_»LlII (jiuu j^jj . L}LiJI ^ Sj^-jil cjLu^JI ^1 J£j^ <iK j^aVl j? USh 
Djjj>.| La J!M-i. <j_a ij«js>j_i£.j ^p^tjJI £l2j^J3j Guillemot, F. cjj^_JL». . o Jia 
Trophoblast L}Li. JLa 2<i j ^ «JJ 2jjSLil L>LiJI jf . jl >li]| ^ cnLx^] ^ 

tfjui J-J-«-J (j-l-><J! I juij iMash 2 Y (__>iLa ^3 mj (j^*- L-^J (J-9-*_J lJ— JJ 

Jajlj fjZl ojajJI jL>. ij»VI ^>.j j'j^*- cr^ <Lajj^' u-"Lh"' -^J^F^i L!M->JI 
Sj liU jl 4-J 3j_aL -3>^>-J jl dr^?"-" I'-*-* JoLAj f'J-C. (JL>- .tiJjl— liiij 

iiijL*j (jJbJLij j-aju ^ iln^-" I jLa i<U 2jijUr,ll j^Lul! 2jj£Lll cjUjIzJLi 



Gastrula («AtfUf) **lt 

diL ' S a 1 Lj flj > ljr s La £j>- M ^-^33 Cy 1 <i n (3i2JI ^jjJI llUcj 

La ( _ ;T J-C jj-ujJ LjJj-«_a La 1 'm i"i (j I L^ia UU LflaJLa 1 *jj ,"i tfLJ,l SjJJ ^1 L^-lLljj>. 

^^lll oA t's>[\ |»1 . n-vVI cjjL^ .JL I j j I j^jj Lu ."i L^iaj». ^ 'j*L>i 

fjjS i. i j i ii II ( _ ;r 4 iL)^£. i>J-p*J ■> i ii-v (j-a sU^ £jj La (_;JX. L>.L*Io.| j»^l .InA Lijjil 
i(_Lv>- jjl jj (jj^J jjj J-a^t (jb j< i""l j»VI dll Jji '(_La (jja Lj^j L«^ ijj^jjJI I joi 
<_lL* jJI (j-a JoV (jL^ I jj .dlLljl i^a (j-a «LjjLtj La £1>^ '* '"^ J LtJui ml Lva 

^JJ L^_ajjjU ^ ^ L-^-^j niJLUI j ,,iVl 4j|jj ^ tiili jLij u ,< , Uli ^Jl 

'(jrt-^JI L>L^- Jib CjLal , ii 7l'\\ J CjIj—lju ^j-II Jil J (1)L^ (_u j titi 

<G_ij ^jL>. lUnl II (j_a Laj^j SLl^JI *LLJI ^ <LLa 2_jjc.j ^^L <.\i mi"1,I 

— ii jji i<U ^LuJI jjU" II {jA <LL->-jJ,l ^ (j|Uj>JI j— I — a j<uilj -Cj*SX\ 

Lj>Ue^ juJLkll L^jLlL^I ^jU",.ri SjjijJil ^jSsj.^jUnJI Epiblast L>L. 



jS. in II t -jL»jLail jjoLuJI 



i I j f Gastrula 

jjjLJtlJLij Jl-j-U! ila- >^ J^Ja L£L>- u-*J ^Primordial Germ Cells 
5 aklXI ,jja glu Lj>Lk!l « jla Primitive steak ^J*\^-A\ u^j >JI (jjj^S 41». j_a 
L}L»JI aju* Jkj «j Epiblast e^-dM-L-uyi b}L>J Proximal Region 3_^LU,I 

tiUju L-aaLS L$jI (j i4jjLsl!I (j-Ll>JI Lj^L» 4_JLi (j^- Sjt-uu 4_Jj^/l <U^opj^>JI 
J\\ jjLaS 4ill»J.I (jrU»JI Jjl>j tPJI CjIjo-VIj J^I^jlII j_uLj C^x3 gjSpl 

jiia ij^LLVI (.^i^- t>ata V "II I jui ^ t^-^-jJ V ^yg-fl • 2 i <a i .a V "i a Li^L». 

L#J ■> . n ->JI j-Aj 1 < <tt-< oLOLs-j ■> i .i ->JI CjJj-Hclj Lg-Zjjio Ot^j-C 4jIJljJI 
2Jjjla Cr^ I » ftJo (j-ulill £j>!l JuL*JI iJj^«J LaL<u tjjii" i .i 1,1 

4m«« <JiiLl^>. (j^. L^a L»jb 4_Lapj^>JI 2_Jj^I L0L>JI j I L»£ Jjiail 
J».jj ^3 iOct-4 ioSjl ^ <i i uj (j\>- : JLi-a ijjL«J2 jji jjjj (jja ^iin Si" LgjjLj>ij 
^Ij Genital Ridge Suluhi 5_aL>JI ^1 dUi juu 4_JjVl 4-^j^JI L,>LJJI 

u < j ir-i II Jjj (_ < i .i -v '(^ii^l (jiijLdl j J»j-!l 4-i-uajJI tiil j Jlj«_i u U*~ 
4».L». Ju£. 4- u - u» . 4_lC Jl». Lj5L*_£ JajlJ *>»• 1 J-^JJ -^J .'' ,rA -' <b ^ < al>JI 

.<lljSl,l (Jjj^jjIII (Jj-Lui L<^ L^l ■> i n->JI 

i»^JI ^ jl ni'i^l ^ Ijljj Gastrulation jL-<_m (jjjSi 2_lLi^ jLa J< 
^^"mj . Ljjj-2j ^jLoJI j»j;JI jLill 1 <i Lu ijJmc (jj/jLaJI ^jJI ^\ j-^- j-j(>II 

(jijJJJjjyij jajJJjj_lJ,lj jajJJjjSLj^l) s^wpJ^>JI Cj^liLll dll S j U II (jjill sLlUjlII Djui 
J ■ a flj r I ' a c I j mil ^1 CjI S JaJI oJui ^jLajj j«j . d « ueaJLl jl Jy-«J.I *>7!- , -''^ J 
jjLaJlIl 4jljJ J-^J .<L2jJo Li^LieJ (j^sLiJI (^Ij^II ^jaUal! i -Ol j_lj_sl1II ^ijtSi" 
CjSj ^P-^»- J-«-«J (jl^J L?J-^'j J- 4 - 51 ^ Cju-L--». I Jljj «JljJlj>JI L^LiJI (jj^J ^J^J 
^ £jj j ^tSj 1 <im">- JJije-a Cj^j (_|*ju diLujvj ij^ 3 ^ ^^l^. (_|«-«J V j I fjbui 
jjjj jL»jI oli 'SjjOLO 4jjlSw0j ^H^oj '-^JJ^J £l -y-" ^h 1 Cr^ < ^H W ^J^*- 

.1 nl'^a JS^uJ <■ 'J7-"""J cPb>" J^^J-^' 6^ -^'j^J^' L'' 




a^ckaJI'ft. iItII 



U£ L}UJI 4 ^uai e^ £j jil ^1 JjUu «JuMUI CjI n . UM 
LN-^i- ' w ta »"' i_2j_<_u cLjj>.jL>JI 4_u.lJL>J1 4*. U 1 1 j| j^jJjjSLiVI 4 fl_Ja _^ 
SjJLll i (>L*JI 2 iiiJLCJ 2_Ljj_2JI ' w ' a J ta II J i^j-^jj,! w ; «H jl j >JI 

iJujL^iJJj jsiJJ 5 ;U ; 1 1 2jjl jUtl Lj>LJ»JI j Neural Tube 3 ^ ; .-> .tl 

.4_L>.j_<iJI C) 1 j i ii Uj £LlojV1 
'"'N '-^^ ' (j ta «J i_3_j_<_u ^t-i t ujJI i-tLjjjJl d n jUtl jl j»j_Oji3_J,l d <i jU _Y 

a .K, g n ^n. ^ «Mj a j ,„; ? ji »i ^ rVij jULJi t 2L_asji ,^1211 

i-fljjl i>i < llj ^ 1 k t t 1 j (j-^jJlj ^1 k< 11 i»l mlU <ji)N- «-llj 

l>l>ji : 0 U «j e-a^, a_LLsJjji a_uji^ji a z ,u\\ /\ a 2 <u _y 

jL^*i! a;U jl,l ajjl a tMI LjN-jJlj t a M,n a ll sLiSJlj ^ji-JJ a;Ujl,l 

i^Lj£LuJlj iJLselaJlj ia_t3jjj| jLvj a_jj3jjj| SjJLllj JUSLIIj t ^ 1 nii ~r n 

.aj^ji ajiiijjj a^LuijiJi ^l^isu 5 ;u ,ti 2^1 ^ u n Lj>UJ1j 

( _ ;r 3 l_al_4J (J^ijSLj c^ 5 * dH^"^ J 1 11 "v d « 1 n"i 11 d < j 1 11 11 j j ".VI ( _ ;r 3j 

(j^o t brj-r i'.->j Lvj_a Lu -UI ^-4J N-J-«^>- N-flk j»2?l (j,-* L&j .(^L^ill d K i"i 

tSj ii « a <— 1 1 jl o r (j^o p "1 j m l_aj j<uj I oj js-i 1— o I ^ 1 ii U j f_yJt (_gjJ3 (jl 

.(j^-SJL>JI (j i n-wl (j La- 1 1 11'^ 

( _ ;T ILllj i^^LtUilj ^^LLll (j-Lcy-il d^jj U" 1 1 dJL>.jJl ojuk JN. i. ,j^o 

JjLjt-i L_ti_t£j ij^ylLaj jj^' Ll^i^ * 1 ^ <d JjV 




isLjuLLlilj 4 u ^^lUll (Ja.lj—^ J^Ls- 

ulz. 2JLal£LII SjJ UI <bjj J*l <, (jrtls. yJI cJ-^>J 

Lu! J^_u .ajVjJI u " -v Jja-Lill jlj ZA\ 2JL^>lj a 

^ I JjJl-><jj - I Jlj*. Ij^J-a JjjJiiej jl ^\ ij^j t-i i <i a 
Jja.|jJ,l tfjLji _ j|li>JI j — « — c Q-a (jjisl — iJI j»j — jJI 
(jLajJI liujs. (jjo 4 i j t a slL>.j_a ^aJaJlj tdl , J , nt,l 

J< uij _ a_^c jl^>JI 4_L>JI j • Embryonic Stem Cell 
.Undifferentiated SJjUi* j_ui d-Ji. . j»Lc 

«jJl^JI . j_|JL>J,I ^ . L^jjJj i^j^-Vl L>L>JI 

j— Lgjl La^ 1 1 3 ■ gflj JlJJlJ&II jIj a" i tiLl al ■ ■■ S iVI 

I LaLaj i a b scJ ^^lll ,2 ua-ua-5e-lt I L^LiJI 
<Lwjjj^>JI CjI S JaJI L&jju^a ^^lll j isLiiliaJI j ."ill 

J^j| j_«J| LgJ jJ2 (jrp. tiiljj ;Cj>L1II 2_lu_L>J| 



SjjJill tfjui (jli diljJ iplacenta 3 <uAtJ (jja£i ^ jf tj^*^ ^R-J^' 

mJ>>-I ^yJJ jjLsIIl jl J[j3ejJI SjJlIII I j£j ijjLjjJ jl jjJ qjz J ' ^plSall 

. The magic cell Sj^^JI 4j1JJIj ULu-J 0 ^*J\ j! < LMJJI 
4_uLi£ ,_U^>Ji j! «^daluuj .Totipotent o I jj^l aiaL£ 4jc.jl>JI ^LklL SjLp.yi 



SlalS «JfiO». Lj5U- 'Uia crb^' Li^^JI j' «JtflU! 4_lU-JI 

JjjI£ jus. eltac.) (jJk .Totipotent 




fi , .. S m Pluripotent oljj_aJI Sj-alj 3 3-u- j--v Lj^Li- 



*^U* Multipotent ^IjJlUI BjjulI^i 3_*JLi ^u^j^ 3_d^ 

d ^ Li^L>- (j la *"j 1 " fl ' (j la *" N ■ " a ijr^J iCjIj Jlo)1 

^_l*_u_lII ^^jJ Lfl-i^o d_jtJLj 



® © © ® 



Unipotent SjjLiJI 4jjU-I 5i!L Lj^Li. 



3jjlHI AjjL»! ^ i o i a Ajtlb ^ J 1 ^ ur^*" ■ LAj^aj J^-lj-aj A ^ i L >JI b^L>JI 



'<>.;£ I ULLaJI 



cjIj Mif (j-o o^Sju (jjfcj iBlastocyst «Lojj^Li La (jjiij ojlj^^o 

Lj>Ui- . L>UiJI o jok .2_ajjSU Inner cell mass 2_iLkljJI 4.b<Lll 
jLa (jrt-b- <>» UU-* 1 f 1 ^ 1 »LJ.«J1 &IU-, ,„t _ 5-lU.|jJ| JbjliJI ajbSJI 

U «'t t;T _J p 1 .1 -13 Lgjl 'j-^-T Oj-*^ Cry> 3_Lcl 



James A. Thomson j j . n a jj (j-aj-». 

aJJt ^jj 1 11 a^j (Jj—^ ^^P* 'OJ ' " tJ— o _ ^jj i d i ujij ctj_oL>. ijr b 
3j____J (J^oLjtil (j-o JjJLjlJI C__jjj 1 11 tl «L-ajji <1_lL>.I jjl 2_j^L>JI 
i__3j_ OJ- 3 U-° — — — — Jl C- 4 ^' a ^ "- " cJJoj i2Jj^]_ 

L^la ' — — aj L^l ev 4_u_uui_ gej rt 3j_J_~ >• fj_5-^ _r^i lXj "*"**'"* L)' ' u3 L$j| 

LO-iJI (jjs I JjJ_>- Lc w La « " t ( _ ;r lj_>_l Lg-Je_al 'j j (j-o j_jJij _)Lt dUjij 

J l_4ij_L_j t_iLuacVlj i_A2JI Lj>U-J JlLjJI Lj>Lie^ ,2 ua-uaidJll 
1 JijJls. j-^i-j w La «J 1 oli tLiLiJI aJJt jj^o ' 'j ~ 2 I Ljj-CJ ^SLI 

. I (jjlr 1 k-i ->J 1 ^tjjLij d ir-i^ <-3j-»j (j' ^ lijJ i JajLji/ *Liejj/ j^^J 

Embryonic S-jiji^JI S-ys^Sj^JI Lj>UJI (jLUj^JI I jut jj a ^1 
.3_^j^»J! Lj>litU ^jL^lj t germ cells 




Bavister j ~ , „ j Edwards jjjl jj| (jUL^JI \ \~\A ^LJ! Js, • 
jLaJI Ijuk jlj>JI LMJJI c^-jj (<u <chimeric J^jSs- jLa rLi^ 

^^.j t^^y-Lu^JI ^^y-dLuJI <L*_u1jjJ L>.j^-CJ doa^V "i t nlj ^j^*-^^ J' Ja_iL>J1 

. Louise Brown jjl j_i j_J ^jjj 4-uliajj_JI 
tjjij; A* S_uJ^4J .„I ^ s^uLil d^ 3 Jj' • ^LjJI ^ • 

.Candice Reed jjj ^Ij^I^ ^jjj 
2_lc jl^. 2_lL>. (jLuaj£j j-djLaj j-jL^l »1 <il <ll J .^-«. ) \A) j»l_«JI ^ • 

^1 jj| J-J-«^>- I j 1 1 o -v j iCjIjJlJlII j 4_ u _ t l > . <L-C Jlj>. <l_iit^ 

.( n j^bJJ 2LJjVl ^j^JI oMiJI oLLkJI gin ^1 L>UJ! 

Andrews, P. W. j 3J jS\ «Jl c^Ul \ \AA ^Jl mi ^ L^J! ^ • 

Embryonal S^iu^. 2_LiLU 4jj_<ij LMi. ^Liil <>o Jl «t-Sj^-aj 
L>Ui- dJJjj 'L^ljj 3 ajLU^ aj tijljj_SJI S carcinoma cells 
iTesticular Teratocarcinomas 4iL ^ .„"U 2_<_naJJI 

. (iTjiY) Sj^Loil L>UJI c^lS^ Lcl^lcu/ja j.^t tt Lj>UJI 
aj>L^ ^LLiJ Pera, M .F eisf Ij-u ^l U' ^ W ^UJI ^ • 

4-loi^>JI CjLliaJI L^ik J^ti ^1 Lj>UJI 

Lj>U. Jas. ^ (jibtJI Bongso, A <ul 

Lj>uji <i_uiij Lj>u. . <.-,iri,„u ^ . Sjj-^ji a^jj>u a_dii jJI a±&]| 
J 10 ^ Fibroblast c^l U'^yj ^.d-il-^JI 

■ 



6..iCA?JI blUJI 



James A. jj ,,, aLi oux_ ■>—->. fl La3 ■ »1 ^ ^ jryjL^JI ^ • 
,j-9 ^"it j 11 clSjj_3j 2_iSLjj_a^l jj 1 1. i< i ujg jj i n_oLa SjVjj Thomson 

4j£.ju>- Lj5li- . 2 o jl i .i SJLv ^^3 Jij iil t 2_j_Lj_L>. Lj^li- fj,\r (Jj-i^uJI 

2 , ^ , ^ ^. " ^ jJjjcjj t;y SL! 3>LaSL!l LjjjJj kJIiIjjJLII 3j_alj 2_j_Lj_^. 

Cj\ ajIaJI (>o 4jjL«JI cIjVUJI ^ I gj lc Jj'^ ^tl ^U~, , „',) Lj}L>JI <jjs 

(j^s 3_j_c.j_^>J! Lj}L>JI i>juk (jf Ijj^>-j Jl-3j (<±j>LUI 2_u_uj>J| 

(j-a I j .ilc I^Llsuv (_^lJI 2— ullaj i n 11 2_j_Lu_>J! L^LiJI tiJJj 'J < UU Sjij_2JI 

ojui> Jj; i^i-»J1 jjlSLoLi o^lojj f^U-v La jjkj .^"^ (jLvaj^l 

Sj^o (Jj^/j i£L2jj_3j I i I qj i n ajj jiiujv <jSLaj ^ j»l_*JI • 

j^fl J^l ui a (j-a (jl_>Jl_»j Ljl_£ dy 3 t ^ J - > — ld °JJ^ d J l-^l jJl 

jOLU dllUj 2-jj ui ill a_tltij>JI a_j_cjL^>JI L}L>JI ojLjk i^i AJI 

»1 Ur I LgJjJ-ib L$j| Li^ OJlJ(JI J-al^J I aji i n <Jl! Laaa-u_o-a 

cijjLikj_L^>. (jj-*- o^Uj 4 ■ - ^ |»L»JI ^jaj ^ j j" AJ.1 ^ diljij 3_J jVl 
LOLiJI (jSJ 1 1 g-ui-aj LOLiJ! JkL Jj i^ ^Jl (>a John Gearhardt 
Human primordial germ cells 2_uaaj j^J! S^iji^JI 

3. }LuL> _ Sjj-bl i i i nj LJIjILuil jj^a »1 a Uli (ja 3i>^ (1)^>-*J V • • • |»L«JI • 

td-^ 3_j£.jLj>. S-j-u-l». b>L>. Jj'^ ^ti (j^s _ Bongso, A. jini'^ 

(jLtilalu tlT^jj ily 3 '"' - icUajijiU 4_lL>.IjJI cLajJaJI Lj^Li. (j^s lillij 
ZlJ*-*-lX\ L^jjJ_3j Lj>L>JI ojbk 2_lLiL3 A j . Jils <-jL^jl ^1 

,( lv ) 2 i^ii^V"!!,! L>L>JI (j^s i^i-l ^l>i^ j^LtUI ^oj ^LuuuVI 

Lj^Li~ iIjV^Lu/ (jjj^s-Tj (jj i n ajj (j n a J i i ^ I Y * * \ j»L»JI • 

j' 

e^ajiiti-ul j .t, J| 2_jij_^J| 2_j^ jljJI L>L>JI jjJljJJ Cell lines 

L>LiJI (j^s ij>i.f (^1 2_i-C.jLj>JI L^LiJI tfjufc Jjlj>J Jjis 

^Lu^ i>*- .'^ cr^ <-L-«JL«JI fjijj Ji-b ^ 2 i^ i^Vil,! 

Lj^LiJI (JlLa I Q j II ^Llj»j (jjs ^1 Lglflj (jlsj-JLl 2_jj_uU cLa- m') I j LOL>- 
. jJI ...(jjjIj^SLLjJI Lj!>L>.j >_<laJI LOLkj djj ir^ttl 




^^3 2_lJ-i-l>J1 5_j_c j >JI 2 j (Jjj (jji I i «lr mil (J_ua_aJI ^^3 

Sjj_»jf Ji-l-i (j-JkJ Lg_Lc (jjSJj (_3j_ou_3 2_ajl_2JI jjU i ntl La! J i ,i Ji-ta 

. r Vl ju*». ^ ^1 

d U , i OjL^ 2_jj._J^j 4 u ji->. 4_j_c j >■ Lj^Ls. L^_>-3 (Jj._*j 

Lg_JLc J (<u ^ i0 ^ *L*JI (^IscJI slSj^sj Bongso, A. j .„i'i^j 

ej^a_i_tjj.jj tijj I Ju J i ^ "\ "\ A ^ I *J I t^yjS (j^ <-u ajjj ^ - i j :v. I Liaj I 

,( iv ) y • • f L*JI Lu^f Us_JLc I j 1 1 n -»■ j j ,„<' w Reubinoff, B. E 

j^JLc I j ~ j -i " j I j " c Ijjj Lj^J._=»JI ajui (Jj-^ d ^ * c ^W"- 1 1 a J "'J L^^-a-cj 
CliLajVI Oj-pl JI-ZJj (J*^ '"'j I j "' ^ I j " /i M ■ i/j i I j ... A 'i sLajj^M 

iJl>jL£ 2._a- 3j._i_j-£ Li^i-i. CjI j C^jL£ I «i K 4 j I i— ijl az "Jlj 

jjIjJI 4-j_ljJ? ( _ ;r 3 ^_<-u-*jjJ 4_»_l^jI La I juij ij.jLaJi!l (jrLc SjJlJLaj 

(_gjjJLI (jljjjjl d ta . 2jj_Juj d 1 *** Jj ' 'l ■ aj-) 2 A ^ r- ( J_ 4 ^£jj LoJL»j 

ua -^yi 2 j U r ^-a 3._cLu Yo j? Y i jijij jua^eJilLij i2_ijjjVI Ji-!j 

LU-L». ^JUj (_^-J <Jj^' i n ii 'i V I ( _ ;r 3 d j i a -»J, I sLUajj-jJI jl Cjj-ijjJI IJI-jJ 

«juk iMorula 2_ujjJI 2JL^.j.^j u <i, uuj iLuLaj jji^: j^-^ 

LjLoj jLil! liilij iLuj.^j (j^lil ._ jLpi-VI Sjjjj? - aV| 

2_Uajj_^JI ^>j^jj "j iii ^ Jj^>-jll j» V I (jrpJ)J-J J? mRNA Jj^ojJI LijJI 



'<>.;£ I ULLaJI 



J_j joj i LO— ><-!l (j-a cUiajj lijJ^v tLojj^l i_ija^j ,J_4jSLj ,jjiaL>JI ^^a-JI 

j^cj Ijl_lju JL^a_ijVI ^ Inner cell mass 2_Ji.ljJI Sj^UJI ajkSUI fjL_u dUi 
^ Lj>UJI JjUjI (^JjVl 2_a>UJI (jjfcj iJLsjjVb ia-po (jjJI iTrophoectoderm 

. JjJe>JI (jii>JI 

J aJI ( _ ;r 3 (j-a Ljj_£j LaSLa ijLa-jJI i ta ** **. 1 (_£J>J*i/l JL")_«j Lukj 

^a.j^_U C^^aJI ^a-A w LiI^Jl i _ ;r _aLuJI {j-a <j-u-al >*JI ^_lJI j i— jl. ju 'JjjI i-*i-JI 

Lg-La Jj ua-SeJJ LaLaj d j i nl_La 2-ajj*i/l Li^Li. I j j a jjSj ~ j uaJlj 

^,111 > Embryonic Stem Cel a^dji^JI 3_tc ji^JI L>LiJI (^ic 

Y - • <j^> ajj£Lil (2_ajjVl) ,jjr^>J1 ojj (j_a i3_iLi. Y£ ^1 V • <j_a 

.( VY ) 4^ Y0- 

Lj^J. i. ,j_a ( _>^aJLje jj| 4 j a-& I ^Jl Lui j. j cuj (j I i_<-5e.jj 

4^j.^JI Sj.^ 3._JiJjJI 2.jjii»JI 3±*£JI ^-i-^aj ^j^. Trophoectoderm 

j»|jl_=e_j uiLj I a! Lj^L_iJI ajui jj.-x.2j . I /j jLc (Jj 1^1 -»JI (_Lj 

S J I ' 'a a j» I cu-».| ^ 1 JLSe_<_ui L J Lal_j iiiJJjj (j^Lj. ^^.Ij.^. i_jjj.£L-ujjj.£Li_a 

£jlj-^a (j,-^ ^AS" YOj Y • La ^-C i t-i la (_Luaj*j <_3jj.<-u jjJLLcj 

j, j mi 'l (j I ^_a JLlV LijkJ .5, j ij i-w 4_^C j->- Lj^._aJi j_aijj 2.-^3 Ui. 
Lj^L_iJI (j-l-C (J ua -te-j ( jr l -^ ,, -" p^ — *' tilJjj L_Lj 1 a 

^JjvJ! JL^.j (jrtj I j-£-i-£ Vjl^>. j— i-JJ (^jJI j— «Vl j^ij i4j^j 4_l^. JL^>JI 

j'** 

jj-a (JLi. Ja^uj Lj^._>JI ajui ^aJ i ja.ikj._i_c. j <1 _jL__JI 

J„L_ j_L__ £y» _>---? s " '" Serum j> j.j _JI j? J-—JLI 

^jij (jl (jjj (j-a j>l i .1 i' 'l VI (_— 1— • L ^JjJ>_5 _rl^. 2.J__5L_>J,I j^a 

LgjaJ (j? <Pluripotent _j| jj>__1I S j Lg_L j^-a- 1 ^ cJIjLa 

i_<JL_> I jl Lj^_>JI ^jj (j—i ___=_iJlj j.jl_a_iJI ^yL c 3jJL_iJI 

i - 1 i i" m iJLI i— ^ j—a—J l — g— I IjJ — (a-^j| t_»j_a_iJlj . _dJ_ I |j i a 

.( Yt ) 1 ( _ > _<__J1 ^.^Jj J___ll ^ _,JLiJI 




'^jcjjJI'kjJLaJI 

2_l^. jj>JI 2_ii->JI (j-c jai^Jlj (j? l_j T T jlu iS-lJLlI^JI "Llc. jusJI 2_jJL=>JI 

J (j L\_a jJ I lLsjj._j~j La j i Lgj La— uo l_j-a ( _ r jfc La I i a If J < j» Lc (J£L"uj 

^Ir Lcija_>. Lj_£j a_"*5 Li£ (jlj ■ « 4 j c j a. » ■ . ■ S I 3 j La- ^Ir j LLaj 

c< c uu£\ LjjJ di-L-». iVjf I gjlc cj j.^>. iliLtjVl (j^La i"*ujjJL>JI "LAC.jL>JI 
."Lajj^j SjlcIj "LU- Ljjf La£ njjj.Vl 2_t^ jl>JI L}L>JI ^y» L* j_uL Jjj") 

(^jJI "L-SjjJaJI i_._<_u^. j? LfcjJL ua a luo. 3jljjl_£: "Li_c.jLj>JI L}LjJlj 

St 

V j i a a t*"" f*'^~ c ' (J^ ,t *'j I ij ^ a "f ' ' "J ' Lg-tLc Ja ua_seJJ C^-aa_je" r.il 

. I g a i» V "L^Li. 

lj£a t^j i .i itl LjjLajj LjjLCa «.Lb <Li-C.jij>Jl LOLiJl *.Lal«Jl jollajs 

Embryonic Stem cell Ijl». S^SUt X ! j>ua$\'iuA'Jo$\ bititfl. > 

(j^j (j-a Jlj>.Jj _ 4_^c Jl>. 4_lL>. - SjjLaJLa j-ji-C L^Li. I ialf La^ (.^J 

<j-a j»bf O (jJJ i j_ar. Ijuji^oj iS^ajjVI ^ "Ll>.ljJl "LaJjJl 2±£JI L>Li. 
SJUSLII L^l a. (_^-ifcJ i'.'i i ii!M j jiVl L^Li. (j-a L*ju>.| (jSLaj L«_£ <(jiJL>JI j— a_c 

SjjJLll LjjjJ L^L>- I -i c j ijj^-V jala 1 ^ j ""^ * <LlL>-1 jJl Sjo1>JI 

Sj_alj L5L>. L$jf i^f iLj^ij LOLiJl ^\^\ j-j-*^- «-Uaclj I <j 1 n <*m Ju^*j 

. Pluripotent t-j'jjLSJI 

Adult Stem cell2iiJLJi2U£,JL»ji - Y 

jJa (joSLj LjJljlj (_y><-!l d>^^-5' 1 n't {ja jl>-Jj C ^^ C ■'- JL: ? , ^' L^LiJI (jjfcj 

(Jj 1 riil p U i 1 11 La^ (jr^J • J^W L?' " > J-*- c - (j^ 3 c ^!-'T!-'^' 4jL>-^JLI jjL>«j 

iLaLaJ a 1 1 r-i -r "i aj SjjLaILa cLa- i n') I ^^3 Jljvojj i S jj LalLa j-ji-C <LlL>. d^ajLaJl 
(_J (^3 j! (jrtJtll 2 j< j u< jt JlL>JI /\ ^LkjJl ^ (^3 M_iLa Lkjj^vj^ 

jjJljo L^jjjLLa iS-i^c Lj-jic. jJLW. La-aj .Teeth pulp (jLl^Vl 

j^j_a^>. f\ Uc\ ^JL. Multipotent SjjljJUI L^jjj^ ^ .SLi_-kJI ^j^a I a ,„ aj 

j j i*i*t (jl Lu jjtscjj . <r« X i uj tltAJ d_^i3 (_^-Il 4 i nrVi g-j i n 1 1 1 a i r-i i r-i V "i 1, 1 L"iLiJl 



J.^i Ml Jj fl^Jb L^JjLii <_aj_^j iPlasticity or Transdifferentiation 

.2J.JLJI ^Jl^JI ^iiJLi ^UJI 

Embryonic germ CellsSuijisJlSLw^^aJl biGJl-t 

(_j.ua — '■ Lj^J._>JI p la » a - 1 La c j ^ lr 5 j J 2J I I j j J I L^l_i. 

sLj-^aLie-j j-i-a-H Lgj| iiij^LjJI <t-jJjVI <_Lajjj^>>JI ' * « I 5 • LaJI Lg_tlc 

«i »1 Ur I L$jjji_3 ^] L-a_£ iPluripotent cells cul jjl^JI 

4_ t I- i _L > JI £Lj-C.jL>J! L^LiJI £-a L^l^p-iil £-a i LiJ^_Zj £La_tujVI Lj^Li. 
. 4_j_LlL>- 4-j-C JLj>- Lj^Lje_£ Ljj ia A i i f>j <j-G-j». LjJ I i." i I t i 3j_l_l£ Cj I «i i .i I j 

John Gearhart ojL*j_l^>. o>^ o-'! I $ 'i I iVi<I J i>>'<\ (j? ^Jal^Jlj 

4_jJjVI d j ajjjj-jj I ui_!^M i ( _ T J(_j uaJI pJsLLaJI 4 a_i JL^, 3±aL£ 

V Primordial germ cells 
j_j£Lj oL^Li. '— 'J L^tH?" ^ t! ' " J <LL>.VI j-ax. (jl Luk ' La ~- N 1 1 

(jj_tu_ajj (j . 10 J-» - Lg-La J i^ -w i _ T i!l 4_L>-VI j o r (j^. LaLaJ 
<■_)! uaa-VI 0_j £ (jrtJ 'p I » ' L»£ i^jIjJL (_gjJI i4_ti.i_L>JI 4-lcJL>JI 

Spore like stem cell 20^^X12^^! b>»tJi- 1 

Lgjj JL ii a-) j, j a ~J i^j i ii i II 4_L^L<ji (^jIljjij Lj^.^. 

Vacanti, M. P. ^ ^jKLi L$-Lu*j ^ Jjf (jL^j .2JtJLi S-^ju». 

(_g^_<I»_>J I j. t ljj» i J I Lj Ljj ^j,^ J-'-'' I ^ JJ^-t!-* 0 I L^-a 

f £-j-a->- ^ Parenchyma 




I j-tajj iJ^jiJIj jj^Jki! u^LUI oS^JI jJam i^sl£ iDormant aj^L-u 

* (jjSL-uJIj S j T i 4JL>. iJ7 J^ 4_tdujLLa 4. 1 i j-jt-La LgjjJi o^l 

(J-iJLs L^J 4_!Lu ( _ ;r 3 (^jIi^J I LaH i nJ ^J. Ji.aj3 . 4j J> Lc I 4_u JU 4__JLi. (_g I 

Ljjf La£ iljU>. 4-lILc. 3jlj..>. Cjlj> 4-Lu ^a j] (jn.5c-<-uJi^M (j_a 

(A"\ — 4^>-jJ> J^-a) I^J- ucaAse-UI SjIj.j>JI CjL>.jJ) J-a^so LaH i (JjLZJtl 
i ^ i s> \ Sjd. 4jaJLa 4->-jJ> A 0 4_>-jJ> ^Jl I (j m V i nJ <j^--4J I i ^ 

3 j r a_jJ I L_^L_=»JI 4_<-uljj> ^ ijjj.SJtj (j^j—^-LiJI Jji_ >. La-a l4_c.l_.-u 

£.1_JI JL_». _jl «1 r f _-- 4ja.ajJ.I <J_-L_l._-I 4_?____f __a 4U.__j__.__.l 
jLLa t_>— ^ ii i 1, 1 J.J— — ' 1 J I <__ j_a U, I J ^-Oj-a V I J J-i- I Jl_»-jJ 'j-'-J-^ ' 

.<_^__-_JI <_aVT Jj iCjLj^ 
j_a-i-j ^&_*_>_i| _ya j-j-o Lj^J._>_i| ajui (jl Qa__>.Lj-l J-*-j j._il_>_i,l _--Sj 
(j-a lj._i___> Cj\-£ I jJ iCj«L>. 4-i_a (_gj_t| --j ui_Jl Lj^Li- J-J jj I __JI jjL-a--JJ 
jj-a 4j jj-j-J U J-Ujsj i4j_tL< 4-lc. 4-i__- L&jLp_-l __JI pjljaj (j-G-^-LJI 
1 j.Jl_jJI 1 .i-iJI ( _ ;r 3 I o ^ i a _)£ " o a . Lg_*_a 4_^jl '1* a (_>_3lj_i. 

4_La t_gjj| uaVl £_;__u_J*L! 3---«L>JI Lj}L_>JI _-JI Jj-*-^ La_-L_l_j 

w S jj 4jL__j_=_jUI 4_L^.j_>JI Lj^J._>JI oj__> (j? ^^juL^l-a j S j » .<j_.*L>. 

"4_i_2 J-aj- u? 1 -*-' i 11 i II tjr £ • fljj jl ^J™^ t ^ J ^- =eJ . i4JLaL_~ 4-i_iL__ 

4^.L_>JI 

4JL^3_j_» JlJL I L^._i>JI ajui ^aj*_j». (jl (jO_>.LjJI (j g «-I ■ Jl_Sj . L^_jJI 

l£U I ^jjl£->J I » l_ji>. I (^SLaJij (j I (j L£La-i 4jj < i ^ 1 1 (^>-4^ 1 I Jlj>- 

( Minimal genome l^lvl jlj Lo^uj Ua >4K 

^ 4_Li_»_a i—ajjLtsj 4jj ^> j^Lij ~ j 1 n II (Ji-lj L j Jl j_J, I Jij_>.jJLI 

(CNS) j > <JI jl_^j>JLj (j j i^"-jJ,l J*L<-u-jj jlSj 

4j| ^.SIjJlj .^jju>JI 4j5c^ujl_! ij>^s>.^A CLui\j> La 4j Lj^LiJI I j-4 

j»LVI J-*-!j iCNS i_gjJij.II ( _ y juua < II jLgjJLj L*Jl^>.j Jl^-I (j^. ^aJ 

ItiJLuk L*J>jj>.j Lij LljJI i_2 jj 4_aJ>LaJI 



'<>■;£ I ULUJI 

Fetal stem cells^t^lctO>aJ2LttJL»Jl biGJl-o 

Oj uu cj l—o j— «-«-Jl (j-o jJLjJI jjk i Luk j^LJI (j^_L>JLi 'j i a 2 1 ,1 j 

( _ ;r i2_3 .p i n-»Jl cLa- mil j^uj^>. (j-a I g-J c J i a> Luk 4_^cJl>JI Lj^L>«JIj ij-jjjL-ul 

IjJ.I 

d^?E_caj^1 j t "t »"j .^j m <H Lj^>L>. y- 4 -^ *\ er^- ^-^^ 

Embryonal carcinoma cells2uiil^l2LuiU^l2Lwj^l biGJl_l 

Jl^.jj |»jjJI t_JS iTeratocarcinomas u o uug t 3j i^-^l ^ L^>j i^ 
5_ull3j i, 1 11 L>L>JI « juk (j! I jj^>- j L»-£ t 2 i^ lr ~, V" 1,1 L>L>J1 (j^s jjj^jiJI 

I jok (jjSLj JlSj (jr^ c ^-y-'-? , ^' c ^^ : ■'- JL - : ? , -" Lj^L><J1 4-1 1 uuj 4jtlujJI 

, ( ) 4_j£.J_>. Lj^Lsb^ ^ J * ■ — «" <_U ( il 

b}U- (jjfcj <Reprogramming 2_^_a j_JI SjLcb i_a U /\ ^jS.] S_u_ti>. 



Somatic 2u,< ^isi^i j^^2ujL^(^^:\^(a-ajj)-A 

nuclear transfer embryonic stem cell (NT ES cell) 

jj^o Si jjj I j «") joj i L^jI jj (j-o iiat <i J-i^- J I 'l matu *l cLUajjj 

Sljj ^Jl 2JLJLJI SljiJI Jj^t^li ( >liLo JlL>JI Lj>Ue^ 2iJLi 3jj u> aAs*. 




'a^claJlTi. iItII 



f_yi^. SjJ_2JI LgJ joj (j-oj 'J-oL^ SjJ^aJI LgJ CjIjJ^UI <ilal_£ 
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** ** * »* -4 

j|j^-Cl M>J— jj-Sj <l_2_ll uJI Jj Ir^l Ali 

<U^ ■ J. ■»» Atl | j^fc |jljJl_>j i<l_JLlII Jj nll 

.2_uj1>JI S^lcJljJI 2_lL>JI ^jij 
^yjfc 2_u_<l>JI 2_lc jijJI Lj>L>JI jLa »Lc J£Ajj 
^IjJI Aj^LkJI 2JL&JI ^ ^1 L>UJI dJllj 
a_i_ajjVl a u, j<ll Epiblast c^u>L_l_ljVI ^ jf 
a_ajjVl 2_d jj 3 1 uu (pJI 2L». jJJ ^ ^Blastocyst 

_^«" Lgil i± .-!_■>■ .Pluripotency ol jj^SJI 3j-sIj 
2 <i j mi 1,1 Ijl^ l_a j m >JI Lj}L>. 

.Extra-embryonic tissues 



2_lL>. Lgji 2_i_c jl>JI 2_lL>JI 2 j h i h~ (_^-<-*j J-S 

I. ini'v tCt_ul_aj d J o i UJ l_$JI i^J\JL>%l\ 3l_JJ>. (j^o 

.The Embryonic Stem Cell (*) 



«cjIjJlSJI 3j^I^ 4-tLv L^jj^ 




'a^claJI'ft. iItII 



IJljv j 'v j U <J^_L^J 1 LOLjJl (j! ^rH 5 * '^-sljJLS 2 j o i n" w j a i2_u_il>. (JliljjJa 

La£ 

d j o i uj d j o i n "i 11 £JUk jaS!3 jJsj . J i n -»J1 L}L>. ^aJl ^Jl 
2 jl o r J^ju (jj^L^JI ^1 ^J-^JI ^ IjjJ^>o j-TL^ij i2_ajj^l 2JLvj_a 

tfjugJ Sj^ljJI <— ll t) Ir-llt 4_4J^Lo 2 J O I M* Lufc O I n'll (jjl . <_j| 1 

d j o i n") Lg-ilc j^LSj 4_ljl^-^_4^ LiJ_>-l jSLaj 1 jj t Liiajl LgjlSLajJj 4_lL>JI 

. 1 (j i<il^j- d j uU ^i- LjJ i_i Jl>.j £ LjL > - 
iJJt cU j_j_a-li La OjSj t_3_a-<-u i Lcj j uj j^^/1 d j a i n'll j I jJljj jSL! 

^^i-C LgJjjJa i LlLs La_£ (jr^J h_j1jJ^Jl!1 Sj_slj 2_lL>. L$jj-£ <j-a 2_lL>JI 
4_lxjjj^>J1 Cj^LjJI CjL2jjjJ1 jl 7i jt-ill L&jJ iK-ia (j^-I' LOLiJl £j_ajl J-J-a^a. 

JjS\j Trophoblast 2jj_Ul JLajjVl L}L>- <-,Ur 1 L$jf _oJj l 2_ ! _L ! i^Jl 
primitive 2_ulj_Jl 2_lL>-1jJ1 2_2jjaJI L}Li. r, Ur 1 L$j! ^Jj .3 a j uJ,I 

.Totipotent oljoiJI 21a£ 2_i^ L$-lL: I ;~1UV endoderm 
(j^SLi jis t_jLlSLIl 1 juk *LLjj (J-2-<-I j I J "-"^11 1 j~Jt j^>-T Lu La i La^ax.j 

3JjJl>. jlj_<-ul ja^Ji liili jj>.jjj . Asr jt i^-itl d j a i n'll JljJljs*j ( _ r Lc (jJj-lLa 

2jjJL>. 2_jl>. (j! <_jLSL!1 Ijuk ^ (jjj <_3a-,_u >LiL*3 J£ 2_Lcjij>Jl 2_lL>JI jc 

ij-JL i ii 'l (j^a L*LjjL>.| Lul (^r^. djjjiv cLucjL>- 4_lL>. J-JJ^aj i_3jj-u cLiJLi 



(^jfc La 2jm;->JI 2_u^ju>J| 2_jliJ| Ljla jui-Lj ^,111 BlaStOCySt 2_ajjVl 
^ 2_c.ljjJI 2 A a r (Jj-3 Lgj ^,111 j;\_Lj>JI (^Lu ,_L>.|j_a ^ JLjvI 

Y • • (jJI _a_^- Lj!M — i. jJLu 2JL^.jJ.I «ju* ^ .f^->II j\ J-^>- 

4_lj>.j La- 4 2jJa (j-a 3j_^ _ (JjS j^ LlS^C LaiC - i Y 0 ♦ ^1 

Trophoectoderm 2jj_m 2_^.jLiJI 2 " jUlI L}Li- ^a uj L>U»JI j-a 

2u_u_,£l! 2_JL»-IjJI 2", UU ^ i i aj 2j^JL>- slij^j ijJjLvuJ LjJL^a LIjjjso (_gj^>o 

.Inner cell mass 2_LajjVl 



ijiji;! I 'l ui 'i n 1 1 "ikjJ_> g 'l Vnhl I 'kjc-jJ I 'k il^l I 

LgJ (jjjJLjJI j_4-UI 4_»jJ,l o jufc <__) Lj>L>JI jj? _JjJ_ j! V j 
4_l_J_>_1 l_i^L>_l ^ o i n a C-_>_ I j 'J * u— tJ »1 C- J -t j* . (_)——)! i— _>.J 

(Jjk '.jjlj "'t! I jufc <_i_i_»_ (j I I i jlr L_» j— -<3J j j (jj— -i _ T SL!j . d_iJLi-L>Jl 
Lj^__>. J>j._*_a I j ''l j»i N * a 0^-?'^' iy^ ■ Jl -^>' S—lI^ujJI cLl-C. „_»J I Lj^L >JI 

L,}L_>_I a_451_3 

(^lll S—UjJ-jJ! 2_j_c j 2_lL>JI J_b j-i-T (^-Ljlajj !S2_u_uj>JI 2 c j -^.tl 

(___j I ^ i „li'i jjj_>_ SjjJUI L&jjJ ^-lll "Lj-i-l c-* '^ojj^M ^ __!_„.». I 

SjlJJvjJ,! Lj^l =»J 1 £-j J_l £-J-«^>- _— H - LjJjJ_> - jjl_4_J (j I U" i .i") d i. iri 'l C_3jJI 

j-_ j, j " ^-a Lg3l i i" t „ 1 j (j;y_>JI (j-o I (j ->.lj^>.l (jl j»l t i n -^ Jl 

L u - lt ^ v ^^Jl 3j__ljJI <_jljj__!l _1L") I (3 t iaj _■)! li i^ll <>„._ I (j J Ir ^ li i_>1 

S'L^j—»-!-) I (jj o i m') 
(jjj^JI ^-3 JU>-jj V ;LlLl_>_I 4^j_>JI Lj}L>_I (j! jio »1 J <tl (j-a (JJ>2 

. j JL_ L«__j (jSL! !2_<__„_>_l 2_lL__U __jj___,l ^---iLi j! L«__ 
j_>JI L>LiJI (j! ^ 'U V f.L_ t 1 11 <l£j>-sj Brook, F.A. 

3>-9 I . . 2jj__,l _~fj^l Lj^LiJ L) j.^^ Jo~ (__!! d j .titi 

jh" i,!jf .j __L__4j iPreimplantation ^>-jl\ jIj^- 2__ljjJI J-j-_ La 
Ulj-- I mil l o ^ *< t (jl_^u_<i/ U-^jf Ij_j_3 Y« ♦ \ Smith, A. G. t.** l IPMI 

I i 'j $ j ((jl__oj (J__i_ c_ -I mi") j_b (j_i i u g? g J u- dj ^jJI l_ufc «Lil ui_jJ1 (J-«-lj 

^jl (3tHJ L>«j-t-3j j 1 -^' ^JL> J 5oIjJl2JI {j^s ^\ jj-u j-^ *\ j-*-" 1 1 iuJ 
u^l iMorula 2_ljjJiJI b>Li. ,j1 ^ jJI jIj^j JLu o? Jj-^ Lj>LJJI 

(jl ^OjLj 2_LlLi>- JlJV b!>L>. I (j" J o i n") ^jt-Ti i n') V 4Lol^ SjJl^ j tiJI jj! 

o jufc J-^J^J lS 1 ^' j.- l ^ l - < - T J1 (j! J ^Jj-i Jj>-!j ! I (jia ! mi M J^oKJI ^r)_L=^J1 

. juu ^ ,«j a_.ii.uji 4jj1__i a±_ai l>l__ (__!! Jj_*_ji ^jVi 

4__>-5-!l O-^^-ojj^/I Lj^-itj SjLiil _v_l_>JI ^-li^JI j j j <" 1 1 _) I j__T ljr lxAij 

la_». Sj£L_U <L>.jJ.I tfj-k f^-a JU^y (J t 2_Ll_-l jJI SjjJ_>JI 2±__II LjMJJ 

4jj_>J I 4__CJ I Lj^>L_—. i_j U <"j 2_o jj I ^ ■ j i r~>"i t J*\ uai (j I J_*J L^j-Lu i ljr a 1__J I ,jjs 

Primitive ectoderm ^ula^JI ^.jLiJI 2_ujjJI Jj_t__ ^LkUJI 
Lj>l_i j-lLi_^ Epiblast c_->>l j-uVI Lj>1___ u <i Ljuj-"- 

2_ojj^/l (j^o I ^ -vj-ie- _)l J-Aj :J_j.__j (j^-Ij CjIj„_2JI Sj__Ij 




Lj>Li- jLa j ui >JI Ji-b ^ c*j 2j lil L$jV diljj .c^Ju r ,.U ^1 

<^j_^ 5jjL>J,l Primitive endoderm 4_uljv_JI 2_jii-ljJI 2_lklo 

Three cj^LiJI 4_^_a^jj^>JI 4_iI_uj»J1 «jiiLSjjjJI j i ol 2 jJa II LgJLo ^j_Jcjj 
2_Sjj^!lj Ectoderm 4_L^*.jLiJI 2_5jjjJI iembryonic germ layers 
_ Ljj-Sj - jj-jtj L$loj iEndoderm 2_iii-ljdl 2_Sjj^JI j Mesoderm w U,„jtl 
^ *> La c. < .i^l j _nVl Lj!>L>. Laj-^-cj 4jjSLU Lj^>L>JI £±aj>. 

4_I^»V Sjj^Ia^j <i>-4-c 3Jb.j^o ^ jSL! L^Jux 2_j.Li.ljdl 2__J_JI LjM_w VI 
l_>L<i (j_jSLj jrp. cjf iiJ±j_a LoUj i4_lL>.IjJI 4±£L!I Lj>L>J 3j_ Ji/I j a 
La dJLjl (J^jal njg " 1 L» j'* p3 tjrytjj V 1 Oy^J oiJ '* «I I 

CjIJljvI (jjv^Ll! 3j_uSLtl <Lcj.-uJ\ i\r\n %c \ j-ifc cLcv^/l <ULv Jjj'-'illj 

j I cLLUail (jJ^Swi dLvj^o (j j i ii" 4jLvj._a iJ ^£ jfltVi d i <i>Lj_uV1 Lj^>L>.j . ^^LuJI 

jJiLp. ^ j .^"i c^/>Li-u)/l Lj}Li. jjLa Ll&j <Gastrula VjjjJL^LJLII jl jl<jJ,I 

lj>i-f 4_L»j_a (jJI C^Jj^k jJa (j_jSwi di! ju u 3 q ( J>LLVI Cr^- ^!- c -'^- Jr!-^- 
(jr i-u\—LM S ^ 1 lLs^ mi 11 < Jjaj ^JlII »^ mi II t a ' Je J II j ge * LaJuJij j—TtJ^I 

lilj .(XX _ YA) i_<^_c (^k- L^fj 4_lcJl^>JI LjMJJLi L^LiJI ^ juk i nt^jl 

Lj^>L>. d j i"") 4_tijJj>JI 4_i£.ji_^JI Lj^>L>JI (jl (JjJLll (jSLaj j,"" ba (J£ LlLcjv I 

JSLAJIj SI lili 11 ^ dn2 (jJlJ 1(>UL>JI Jl l.l 'V (Ji-l-S Sj)_t>J>.jJ,l C: I < JL1X\ 

^l_tpl j^l^>. ^1 _ Ljj_Sj _ (J^jjtlUI SjjJLlt L^jjJ L^j 3-^ (jSLIj j»l_«JI 
_ j j " AJ, I l ^ r £ - I t_y£ ' t- 2 a (jjiJ Lg^c i—iJlLjej L^j I VI i Juju>J I Lj^L>- 

2_ji>.ljvJI 2_2jjjJI 2 nU 'ia Lj^Ls- j-f 5 ^ ur'l o-"^ - lj>"l - i^LIi ojIjvLJI 

LaJv^o (^jUlj Cih ,mU ^ jl_^>JI 2_«J «-jLii. (^Jl I uaj? ,^£11 nU^"^ SjjIJlJI 
£ys »1 V i oj LikJv_>u (_^lJlj '(_^><JI J tu_>JI j_Li-lj (jr'kj Ci i »!>l J-i^VI Lj^Ls- 

^l Liaj I j i <Lij>. j L>J I Lj^li. Jila L^J^jvj L^J SjjL>J.I Lj^^jM 

4 i ii n 'i Cj^jJI ^cjvjj ijjjs jv_=o ^pJI 4_u^>LlII jLtjVI Cjlj 4 ^ j < W t-iLjjL 
L4JI Sjj 1 .1 U (J^Swi iCi t .i^Lj-uVI Lj^li- jjLajj j>l 1 nii'il 4 jl of 

^^1 4j_uJLi i U (jjifl Lj^>L>JI ojuk SJs^^-tJ jl J (j i"i_) (juijjLj (Jjj/Lcjj jaiLu 




ijiji;! I 'l ui 'i n 1 1 &jJ3 g'l Vnhl I 'kockal I 'k il^l I 

I j" a \l r- I . V. j I jSLIj i4_uo ^jJtjjj j^-u i£Jl!I J i Ja-5_3 (jjijjj < I j y*» j_«-cj 

. (j La- j < 11 . . . j.jLuj jj Jj ^_ojc_lJIj t_i£I^SLJI j-u^>La j"V 

Marshak, D.R. (<^-^fj j^icj j^L^.l_JI j* mJjj J£ 

<Lj£.ju>- Lj^L>- (.jl^- i£jj*iJ CjUIj_l>JI ^tjjl j-a JjJljlII <Ll>.| jl i^jjejJI d-S-j^Sj 

L$j| L^^s^-jJ! Ji-ta (j-aLill (j-Ll>JI ^ Sj-j^-j j*l 1 nSjVI SjjLjjJI L$J 2_ujJL>. 

yJI Jj^eJLll ^ylc j t 2 j n i->JI 3JL>-jJ,l o JJt (jja jjJkJ j_jl_aJL!l SjJ^-SJI liJJiaj 

^ L$Jj-c U jSUj L*^ SjJLjJI ij-al\ ,Js, Sjj^jJU (ij^-Vl L/3LJJI f l^jf 

eUj Uio t-ik; L>UJI £l jil J\ 
4-ulll>J\ 4j^Jlj>JI 1j>L>JI jj J^Sj JjVl (Jj^ifl jl il i5jj>. ^ Lu! jVl U Ijjj 

dx.ljjj| Jjja La SjJla ^ jii»JI L^Li. LaLaj d j mi" V jjjill ijz \ Q<\r Jj^a^ej Jj}\ 
J <L>.jLi.j (f-J-II Ji-l-5 LOLiJI jl J>2j j-i-VI (_3J>i!l i(4»-jJI ^ 3j_^jLia 

! Jujt>JI Lj!>L>- *lla£.l Jz. 3j Jiill i-dJlaj Luii^i 1 jLmi jj!>J,I 

j-l^ij S-^^!^ ''''S 0 111 j^" '"jl • J ^'j cj-^J j j "i "wLjJI i^Ij tiLI jJ 

Lj^LiJI j_c 4_^Llj>JI JL^>JI £(_lL>JI L$_i (_ySL! u-j-jl S a jl (j^ajl 

«JliljJ^Ja dlb_4J j^lllj l_J>U>JI jj» L&j j f j^. (^L^v jl 2__u_uj>JI (5j_^^l 



j^Jj L>L>. (jjfcj Epiblast j .uVI Lj>Li- j» La^j ua-o j^j jl - \ 

. Blastocyst JUjjVl j^U ^ S j^iLys ^lUVIjJI SUbSLIl Lj>U. 
j>l i.. Ti'^li Self-renewing L*jIj I g , „ aj ojJl^j j^lc Sjj^il L^jjJ _ Y 
J\ Undifferentiated JjLmj jl jj^ j» 3jj Jl^^ j_uL jIjlcLjj ^gjl m^JL 

. LMkJI j^ ^ji^f ^1 

. IjjI V <Jli I j i j 1 K-i 1 1 j^o (_La^J j 1 .1 aj OjIj JJl£. LjjJlI _ T 

^l^jf j-j-»-^>. (jiajtj U^jf ^1 Pluripotent <^ljj^SJI 3j_alj j^SLj jl _ i 
(jjbj «Ju^LiJI 4_j_!jVl 3 j ml>JI ^LSjjjJI jj. L^L^I I m, n ^1 Lj^LiJI 




'a^claJI'ft. iItII 



(^LuJI 2jU r *Lul (j^i>JI j-j-4j>. t_y£ ^LojjVI SjJl^JI L^J _ o 

(jlj 4_lxjjj^>JI jl d j i n <-»Jl cLja- i .i 1^1 d U I i "i a L&Jlj>u (jl »^U" , ,, i _~\ 
(j-a < tim a - I tac j ljr i^- SjJLaJI L^J SJljvIj d_u-il>. <1_^CJL>. "LlL*" ll>i - ^ 

--.I a (^Ij^i- L^Jj Clonogenic Luljj I 3 ♦ - 2 U-.tl LOLJJI 

i".Ur I 1 JljSJI L&jJ 1^1 a (jL£ lil >Lj_«-3 . L$ia C^j^a. ^,111 I (j 1 11 ri'i 2_ljjLjiV| 

L}L>J LaUj 3_liLki! I q , ,1 ^ 'i 2_u!j^J! cijl ri i^l LgJ SjJ^ 2_<_c. j.». L}L>. 
(jjSLj diljij iOct-4 ^ini tl JaLc <yi jin "tl Sjj^UI LgJ _ A 

4_lL>JI (il—aj liiljj Ja^l •> j a i cLL i _ < _a iIjLLlj». (J^j-«J I U j "i a jl 1 j ri t a 

. jjLaj (j-oJj j>l 1 nii'il 2JL>. cu^. Jl>JI 

,j-a £j_ojl (^Jl j_jl_«-l!l J I j*l m-ajVI jlj a " 1 . iVl (^ic SjjJiJI lLLLUj - 'N 

.C-uTuitll (^3 tilli L$ia lil 2JLx ^ (J^Vl L}UJI 

'l — L». j. — a J S J I (j-u jjis ( _ ;r i I I j ^ ^ak t a ^ i>i 7i~\ (j I _ ^ * 

■ l' S_a tiJLJj cmi^ejj i2_lL>JI a,\ ■ ■■ S j I ^ DNA Ljj_ll ^ jj <" 

Sj^JlJ Jsa £3 ' ^ 2 J a <J ^JaJI Gl JJ-ks L$_La c-t-ti-i La i^-^- 

Lo-jLi. olj-jj^. ^Jl 2^>.U. ^ W .^ L^_^VI 

LaLu ■ ^1" scj liJJj ^NA Jl p i ■ ■■ s initiate 

.3_L>.jLiJI oljLiVI 

w » j ilaJ I »^ mi II i^LaLv L^J X ^ i^_tdu j^_a ^-£U I (j^^-i c_t^t_) _ ^ 

I a i»JLj>>I X Laj_<jij_ajj_^ L^J j^jilj i n ->JI IJ ^Li'^\ Lj^._i. jLj_»J,Ij 

(j? (^f . >i._aLc I U iVi (j>^ J^i-^l L-a-l^h 1 ' l— !M_aL_i. (j? 

L^j Qa^-J (jl S-»-^ SJjLa-lIl j j r 4jj_1j^I 2—LjjijJI 3 j r jl^jJI 2_lL>JI 

i _ ;r I : Lj>JI j^aJlJLj La I |j jlr V . JssLAj 2JLv X (jLoVI 

. l^mA'i ^ j^ 1 " a - L ^ JI - a ^^L^ o-"' j^-^ Gene imprinting 



ijiji;! I 'l ui 'i n 1 1 6jJL? g'l Vnhl I 'koclal I 'k il^l I 

Totipotent "Wy'jJI 4*«ittJt LjUaJt (f^t 

d ♦ <^Lj i*Jl)1j->3 SjLc ^1 i ..S iz\ d ■ , -^t I cLtiajj_jJ1 IjLjj ^gj t«Ltia_j^jJ1 
(jjSLj jjjUcj i(_Lal_£ (j1-L>- ^ J * " J S! 1^1 "n d-ajij^l j<u 4_Lj^iL! ^j^/l d (j UI 

.dll j.umJI jjL*jj V }L<l3 L*JJlC 

(jj^J 1 <jU TlJ (_jjJI "l i 'l U (jJI L-£J (^JJJ l_£J>-LjJ LOL_>JI 3jJ 1 U3J| 1 (jlt ">U 

b}L>JI lLUj jjjo 3jj_ila 2_lL>. (J^ (j I _ LjJaj _ ^Jt 3j-jJ,l tfjufcj i4jjux-lu]| 2_lL>JI 

lij ailjj *J*L£ urii> *Ua-cl tylc 2Lul j^l LgjjUi 4JLalSLI!j 2LUISLII Sjj^JI L$l 

Laj . 3Ll>JIj j <i ill «U-loLUI i_3jjj_IoJI J-J-4^> LgJ ^J-^l JJJ 'L) - *"; 1 ll^ ^ <3 *j (Jj^ 
ajui Jljjul jjJJ i<U^L>. i_3jjii J-SljJ L?J-" ^° 4-SjUajJll jajl jUJJ iijuej 

Ijuk ^Jl^ LJ^J - o-^ *j jj^ll 2JUK ^iU^JI jl^>JI L}L>JI 

. I $^<~ j j-j-4J L}L>JI ijjt (jli i La j^x. j 

tPluripotent t!»); 3 >3Ij2LlL(-l>. ^LlcIl». 2_i>. _ Y 

4_lLll>JI £L_uiJL>JI 4_lL>JI h_Jj^>.| fjl\ d-Ai. <j-° ' a b icjj «JliljAill Ojl alu 

Lj>L>JI oul^ IjLa ' st) ^ cjj) a — 1 1 j cijLa>Lli.VI ajjt ^ «Jljju cun jt 

(jLfl «jjj». J^s^ i>-^?- - 1 Laci (jic SjJLlIl L^J ^IjjJill 21aL^ ijjji^JI 2_jx: JL>JI 
Lj>L>JI (j-a-mjj djlj Jl^JI J-aL^ j^i-i: JLj>JI L>L>JI (j^a j^s-T Lc i^JLufc 

I_LlJL>. w La «j (jl «^jU~, , „" V Lj^Ls. ( _ T Jkj i-Jj i Stl Sj_alj 2_^cjL^>JI 

I (jia (jjSjb ^^Jl (Jj^^/I Lj^>L>JI J-i-«^>- (j La «J (jl ^it-Ti i n* I q'K t i^L-al-^ 

<^>Lli.VI Ijuk (jt£j .2 o j lu U J (^^o-LLaVl L^MiJI LLlllIluI lil liiljj 'lTJ-^JI 
Lj>UJI a'jJt 2_lU. (jjs >LaL^ LLlLv JJjj V ULll9 l( _LaL?Oil VI aj>.j La 
£.Lb ^yl^ L«_a J^jijj j^LUajJ ^yiJI Lj5L->JI (j-a 'ijJjii ^JJ-i La JJLflJ < LkJ^v ^yii. 
(^jJI J i n-»JI ^LlreJ LaLaj JJire-a CUSj cr^3 • p ^tit.tl J , M -»J| 

^aJjl I jLjk (j^a JJjJ J-^>-^ Cj^j i £j-JJJ j-^Lkj t _ ;T SL! Lj^L_>JI jj-a j^-*- 0 

(jjjo.1 Sj^ljJI diljjulll (jLa lj\SL*j 'J^J djlSLa i h7i\ (jl Lj^L^JI (j^a i i nii'i 



It 4N*'.ttJt UftJf ^ <iif jMit iMi «iiLdt 

J « fl II j 4-lJ-i-l>J1 tL^CJL>JI Lj^L><-!I tfJuk (jl (j-o I j A A jj| jj^i>.l_jj| jljl 

: tLuVI t_ijlj5tlILi lj "I aa i Sj^lj CjIjJlS «Jlili 
Lfcj i ii a-J -5JU*_a (jjj (j-a 4_LLlL>JI <Lj-C. ju>JI <t-jJL>JI Ijjui-I _ \ 

JL*-J <juLlI,l 2Jj<3 1 n t i M'-^e-a (jjj (_£ j J^~^ J*-^ D^*- j' ^HJ-* ^i-^? 1 -' ij^'- 5 
.J^_jsil! LfcjJL-C? (j? JLjij j!_3 Ji.1.5 Sj_lj>.V| lj < i>>J (<u iiiUj 

tlaJLa. iChimeras it-ijlv j? dn^> j^-s (^l^- Jj_^»JI 2^-0111 e-jlSLa 
Cr Iajiii! 2_Lijij>JI 2_^c.oj>JI Lj^L>JI oLAj ( _ ;T l!l 2jc_<_ajVlj »1 .^rVl (j-a 
jls <_ u _ t l > JI <Lj-c. ju>JI d j l-»J| jji c^jj Ljji 1 L*_a J j 7t" 1 n 1 1 ^-j-jjj Lj^L>.j 

l_£l i4-ua^ua -V'tlj <_aJtL>J,l L^LiJI ,j-a i_fj^i-l ^Jj-^' c^l Ori^*^J '"' " ' " 

Ij-aLS (j^*- ' 3 ' ua-SeJtX I L^LiJI £j_jjl (j-a JUJUlII -I La c j 2_i_^U>. i-LL1Tl<u 
i - , A 3j | ^_JLj jLS >aL>. C-uo C-d2->- jaJ ijLa ,j-a 4_i-Li-L>. Ju>- 'L;!!»- Jui-Lj 
ajui liUi J-*J »1 «lUtl i taa-V .2_cjjjJtl L^LiJI .b. Alt Lj-Lso 4_j_cl_La 

Ijuk 0 ^-»a_,j Teratomas ^ * , „\ jo** ^1 4-lLJjJI 3_i£. ju>JI 2_iL>JI 

LtbjA <s> a Lj^L>JI (jja ^l_jj| lSJ-^*^ £ *-^' (j^-p ^J 1 ^ i iiJj^LlU Ci>j (»J>II 

^jjJjj_iXIj j»j_Jjj_j£LjVI iCj^LUI 4_j_ajJjj^>JI 4_u_lL>JI dll ii j U 11 

L^Li. Ijlj ja^jl 'l i n A'i C^SjJI Ls-j_iaj LAikJ_a (jL^ jJilj .A^jJjjjVlj 

L^Li-j i iliill cj^I i>> r L^Li-j " (jH jl ij -^11 (j U jj 4 _ ;t jJL$ 4jjL^Lb 

d i ^ ri i" (_>^=Ls. j^j Ci j i" 1 1. a jLil A^tLujJI cU£. JL>JI Lj^L>JI iri» uaj - T 

(jLUj^, lUjm JaLc clJI i ^ji>i! Ulu i Feeder Layer j^Ijj <^l LiL 

LMJJI c-^iK SIlUs ^.LjT J}Li-j iLeukemia Inhibitory Factor (LIF) f.jdl 



ijiji;! I 'l ui 'i n 1 1 6jJL? g'l Vnhl I 'koclal I 'k il^l I 

l>l ... -wVl u jok jj^s j_«^t^iJI Ijuk iEmbryoid bodies (EBs) 4Jb-VI A 

jjJJ I ^ rij^-La ^^3 (_^-II ^JJj <j-°J i3jjL»jJLI LOL_>JI £j_ajl (j-o JjJljlII ,j-o (jjSwb 

. z*. - 1 1 dj^jjaljj jjLjjiJ! <LLoL^ LOLiJI <— (juLA ^1 jjLaHJ! 

*LM tyk 

(j^o L&jJI jj (jS-sJ.1 4j^L>JI JLt^.^1 JJl£. (^,1^ _ ^«^jO I juSij _ j£j tLg-aiaA j 

.«Number of times of passage in fresh culture dishes» J^»Vl LOLiJI 

SjJii] cJaia. tjjl\ 2_iiu^>JI 2_L^ju>JI L>L>JI j! (j^i^LJI ih-oV JlLs iljj 
Ji-l-i diljjulll b^Liei? i_3j i n~~ jl ^^Lc «jjLa C-Jlj La Cm S mXI <_y3 2JjjJa 

£jU~ ml - (jrU^JI ^ jVI LaULao! jJ - L}L>JI d jufc . 1 uaji o>JI (j^lSUI ^in> 

U" i uj I— $j! (Jj Ja-S-3 \lXJti (jjuJ .(j-(-L>JI (j-iiJ 1 (j i a Lj}L_>JI mJ| 

! I uaj| jJLJI (iplSJI ^ . n » 2 ,^ uajeJU,! Lj>L>JI f l^jf ,jjo jj Jlj«JI jjJI Jj^tjJI 
ij^LiJI L}L>. ^ cjI jJlUI jj-^-j c-uju (j^SI ua ^ «jui JSj Z 0 " 1 ^ 

SjjIL>J,I jjLalij (jl (jjJ (j-o jLil 4jjjJj>JI 4jX.JL>JI 4_lL>JI p i o2 U l ^j^- 
(j I »^jU" , „" _ j i"i ->J. 1 ^^3 diljij _ jL-i! 4_i£. Jlj>JI Lj^>L>JI (j I CmI 

jl jjLajj (jl ^jU" i nl V d i mi") C-ij2jJI <j^J ' L-*^'- 5 I <3 1 i'^'t (j-« -^^^J ^ i ii n 

j j i nii" jufc La (_£jJ i d i ^ i r~i -r' a Lj^>L>. ^1 <Jj3cIa 
JfLa 1 1 (jT-U i .i cb-aLs- C-i^l jii" i m liillaj A^ilil^JI cU£.JL>JI cLjiiJI (jl _ I 

Leukemia CrA j£^}\ .UjjTitl JaLc j_a jLali c^M ^"nnU «jok < GP130 ^IFR 
u i n_i jui.Ta STAT3 ^ o i .m jruj>j 'W" r ' c^l eJ-lk L** inhibitory factor 

4_lL>JI j>l i n ii'iV £ l-4*--a ^-"LLtjv i n it j_sLs- J^sLc J-Aj iOct-4 i o£jl 

■ 



pl i ii 7i W SjjJ (J^lj_a (j^o Gl ^ jjJaJI (j' CjLjjI (jjJIjs.l_jJI ^1 t-Ti i nl _ <_! 

j-jSLj oJij^-j JJ-^ 5 (J- 3 ' l^r"" 1 "*^ j' -i SjI 4_l!U-C (jr^. SjJaj_<jJI 

^j^^ ge )l plj L-aj t L-^al i_uJLi1 <JJljl>3 ^j^^ ge 'j 3 I J 4 La j (jr^- J "d ' "JL? ^ j'"»^' 

(j-aj f^^-*^' u Q ' a ^ ' j j ' ^ " ^9—^ L^-»-3Jlj dJJj ^jLs <i_lL>J1 ^Lj_u_Sj1 

^aLiJIj S (jjj jjJaJI j j fl C-JsjJI p ta « a (_Lal_«JI j^laJI Lol .^-jj mtl C-^jJU 
2_lL>JI JlaJ tii! jaj p' . ajVI (^lc jUn„« j| e-^j-Sj }La jjj i LjjJI j*l mJLjb 
4_lL>JI (jl Ci j" (3^L!j • j^' - *-" O' OJ- 5 U-° J^ - " 1 ^' pL<-uJLiVI ( _ ;r 3 <i "i i ii a 

* U S "g 3 i^i ir-i Lj>L>JI (j^j g-j jj! ^j"! j_jLCLll ^ ! Jljj 2_jIji^JI 2_<-£: jlj>JI 

".^^M Cjjiiej Lc-tjO- 

Cycline D . j ojiSLu^, jl j^l ^ SjLj _ 

Jaj_<I/ i4_lL>JI pl i .i ii'il (Ja-lj^o Gl ^ j j U U 4_u>jjJI SjJLill (Jjls - 

IjijJU (j' <-^J-i1jt lil - Lj}Litl! Jjia^VLa i4-di»JI (jlc: 2j£:jjJI 2_ii^5 ^Lu 
(jl oLcjlx cULoUsI JjJa (jl il i ^ jjUI L$io V-f-^ O' - ^i>4^'j l£>$-" cL i- c -'- JL *- 
■ ji-i irrV'itlj jjLjjJI (^ (J^i^ejdJI j<u (j-oj 'OtH^ ^P 3 ^ cUiiJI pl i n ini djUr 

4_Jl>JI p I , ,. ^ il (Jjula JJaLu _ 

j\j o' i iiLl 4-U-uj>JI <l_i£.JL>JI £LlL>JI pl i ii ii )l (j' (_0"1 <■ i ftO (ji-^t jll (j' (jr^ 5 " 

^l_jj| LkjjLaj d jU r Sj_ZuL-o IJljj i4_lL>JI pl mS )1 ^L>ul (J-alj-C » I ii" ■■>■ I 

. ^ ' Lj^L><-!I (j-o ^ a 

i "i ('("inti ^J^L»Iu Vg( nnirt* ( l V S LjJLjJ o Jl S U^l l aJI Lj MjJ I Jjij>. ^-Lfl.„cS 

(jjjJJI ERK .SHP-2 «^LLujjJI 

^LUL.j (4_AiJI pL^L. cjLl^U j^>J.!) STAT3 J^c oL^ji 

<-3j-«j 0' ^ I ^j^j^ "-^j- 1 " ij^3 

\ (j i .iri") JjJljcI! pulj pl i nii'il SJLv (^ i^tlujJI JljJI Lj^LiJI 

(j-U (jj'j-^-II 0"° ^-"^ dj%~! 0' <^jL«Cl1I I fllj a pJ_CJ I (j 1 .1 ii <J 

JJJ^JI (jj'>^II (jr^ (J^ LS'j ' d J- 0 ',^,? pl 1 11 fljVI 1 U j uUJ J^olj_C. 

- 



ijiji;! I 'l ui 'i n 1 1 6jJL? g'l Vnhl I 'koclal I 'k il^l I 

>■ i Lcl >j' ilLI jj 4 j U< a ij-jl a "tl 'J-^*^ °\ T'"! (jr-'l cl- i <j-*- J >H 

Feeder Layer Cells djjJLiJI jlsIjj 3 Sj U Lj}U. SJIjLi di! j 

a-^Lj^Ji a_<_c^ji l>uji ... ...r. ,„u 

a S jU Lj}L>. j! j ala .^ oVj iV ) ^Um.VL V <^l>. Suspension 

Leukemia inhibitory factor^-a^yU! laj ■ 'l J-aLc 

d j m i n U ,j^a I .SjJe-aJJ i4_iiu_>JI 4u£.jL>JI Lj}4_>JI ju'-*-' S^UI ojufcj 

J* L;}UJI fjuj 

JjUIll2ul»A^i>jjjjOct-4 iCiSjl (jfujjjJI 

jjkj ,Transcriptional factor »_<. lt j J-aLc juk Oct-4 

i Pou5fl 

,j-a 1 1, ii 'i V I ^\ Lj^L>JI £-3-5 (jr^- (J-*-*i La£ , d ■ . ^» A. 1 1 4_Jaj^uJI 

(j^_L>JI Lgj j-aJ (jr-^' t^LjuJI a jl a r 4_jLilI ja^-a iJjl_a-JJ L)' Ui- 1 

i^jl a-JJ (j' ^ oLj^Li. JJL-C (j-a j !t£Lj (j I JlJ^J C<j a- ^jVI 4jLjI JU ( _ ;r 3 

| I i aj I JLj>-_jj I a ^ . U 1, 1 4_j_3j i _ ;r 3 La ( _ ;r 3 (jjjl-J <_3_j_<-u ^jLa— iILa 

4, j m L>L>JI ^ LdJjuSj 1 2_l!jV| 3 j m I^Jl L}LiJI ^ <jrpjj_L!l 

j»JLc 2JL^>- ^^3 I jl» acjj Lj^LAJI s L2j ^,1^. ita^l —J 4_iV liiljj < 3jcji Ll! I 

i3j.^Ij cjIjjls cjI j L^LiJI (Jji^ej £ c>Sjl (jLa <i ■ .. a i c-^^JI (j^j •3^^-* J 

4 jl AJI ^^Lu ^al_jj.j ja^-a jjj 4j 4_jJL>JI ( _ ;r 3 glj " m a (j| d-p Jl-Sj 
,j-a 4_i^> U>. 4j Lulj u ^""J Jj— ^ ' ' J * ^"J La-^a . 4_ii-i_L>J I ^ j c J-^><-! I 
4 a h i 1 1 CjI_Lujj_jJI l > j i n :4 jlr (j^ 3 ' (jAn itl (jl 4^>.jj ^1 i(jCLj>.LjJI 

. (%Y - v) cjIjjOJI Sjislj 4,;,;^! 4_^^>JI L>UJJ 

4jV Oct-4 jrGjj-JI Ijuk Lj im~<l (^Ul 4j_aufcVl (j! j^jJLi j_iJu>. 

(^LLlll 4 jl o r ^^^jj/LijiI jjj L^J CjI_uu>. 4_ul_au (j^a j-u-^l J o r ja-Ia-u 
t_y£ p Q m j J <i "i ijj ijus-T i U j "ijij <u\jI_Llj>. i U ui M (jLl dlljj ^_9-2j jukj . ( _ ;r I : ijj>JI 
iL$J 4 Uj ->J.I i_3j|jJai! I ii jUj 4_ii>JI L^_l3 (_yuJI 4jLtLI I ii jU 4u5Lijj 




a^ckaJI'ft. il^ll 



4_lLj_«J I U 1, 1 <JLiI_Ll->JI J-a_c i-a\aJ Ij-A 4La_*j 4_j| j^it jtl J <i"i <_i dJJjd 

■■■■^ LU* ^i* J^ftif jJa 

4jSLjj_a^l i d O La _ t j^_i_u_tSL_oJtj 4_*_aL>. iJT ^ cLSjj-5j ^jj mi a^a3 ^ n o j-w Ijj 

j^Jc, lr -i -»J1 ^ "\A ^ j»Lc (j^Jo-LjJI ^L>j J * < a njjj^s-V! <i^>- (j^ 

I ^ j'g Jj^aj LaLc Y • (j^o <^-!j-2j Lo mJJub 'J^' (j^ 3 ^tHJ^I* < *^ 1 '-^ ' i ^ L *~ 

4jiaj_a-i (j-o 4_lI;UjJI £JL>JI Lj3^>- c ^!- ,1 -"J ijj— *^ *J-i-^ (Jj-^ 3 Ly^l (JJ-^W 

(jA.J Laj I o f I I j. 1_LjJL^>. V ~\ lJ7 i~£. 4_Zjj.-3j j J in >■ tiJJ jJ 

£j_ZJtJI (Jjj-la (^^C. - Q3_j_a.L_j.II L_g_iJ__ J ua __-_ _)l__> ^ 
3jJ___U j-JLCj 4,jj i k^i -»J I _)_!| mi a (jjjL-j ^IjJ I _>-« - 1 iU i^iVI 

jj__ ^Jl _)j___mjJI t _ ;r _5 Y"\ ^ i i t-i 7i a •M^?*^' c*-— 1 

i ^ -»J I £jja (j_a__>- LjJ I Q_.«j 4_«jj I j. ui c 4-*jj ^/ 1 (_>A j i 4..«jj V I 

'j->«JJ Es cell lines 4ji-L_»JI 4j_ij_»JI L>LiJI ^ A-u^J>. 
oV}L_ c_}„ L*_« «H14, H13, H9, H7, Hl» ,__jH _3 J>se j Ls^l 

_jV^L__ £J j I (j I jJLi j.jjl_>. . 4.jj._i j <_)V^J.__ (jl—jjjlj 
4jVj) 3jl_x__;l -jLjVjJI (^a 4___a l_iJ I j (!) J_ulj.__.J (j- n AJI 

4jjii»JI 4J__JI Lj}J._i- jJI --i- 1 4_ajjVl . ( J j 

Cjjui-I . 4. JjJ-i- j I CjI t o -»o C^jj-^J i", o mi iijl Jl_S Lj^._i<JI 

4.jijj j I 4jjLi.a_i£ ^J"^ 1 ^jJ-L>J I CjL*-aJtjJI o'j^i 4.Ia T ij>J. I Lj^M. I 

( _ ;r 3 4_u Lii t^i^jjj i Ju-$ J I iij JUs* jJ._l1J I 4_«_ii I j» I Jl_ie-j_<-u L j I 

Jj._C a j r I . L^J._iJI j_*jJ 4_aj!M.JI (j-u-ii L ^ 1 jJi3 1 

jaJ jjj^ Sjl_c 3. S_) L ijj J I 4_Zjj.!aJI (jjijiij L_g_j_cljjj L^._iJI 



ijiji;! I 'l ui 'i n 1 1 6jJL? g'l Vnhl I 'kockal I 6uJiJ I 

^ic 4liiL*^ J-taj Lgj| ij.jLa.jj (j I (jj- 5 'L«jIj p * " 2 " Li^LiJI 

(JS^uJ I Jufc i—iJsjjjj (j J- 5 ' LbLj _jys J I L$j_i£j.j 

yLo <Telomerase j-a^LoJI j! La£ ,1^4 Sjj\jj Telomerase jlj^us^ioJI 
ojIjj (Jj^Is (J*n uu - cjLJuxa.ll i_aljJal iijLjL^j j^vjjs DNA Jl (j^a 

4-iJLjM 4jJ i ii >JI LOLkJI ^ <-JJtJ*J I— aii < I J t i m 'l j J i a S " * t JjLs j-j-C. j 

I j 1 1 m 't jaSIjJI jj-^-U 2_j_cju>JI LOLkJI Js> 4jLi5 jj»-j.jj iSomatic cells 
b^LJJI Lj1_u u ii j ii -w tlaLij (_^| 4J (jJi^J L_a-Lu < L$j jlj-^j Lj-HJ 1 j<ujjy 
4-ljvjJj j j 11 <Lcl_oJI 2Jj_i_4J j»Lc JSLAj j^o^IjJLIIj . 3 «J I jJ 1 4j j . ->J1 

ipin iinj jtt i .i ii i" (jl i_t^c_jj i4jl_Ju 4_lL>. L-^-jLi Aljls ( _ ;r J».jj (^JuM i4_lL>JI 
( _ T i]j Ijuk (J-«-Ij • Lj^ejjjG j* I i ii ii 't V I i_aja_aJ-! ! J 4jLgjjM Ojjl£& (jr^^iJ 

j o r j S Lo. J Lu 1 1 4_ujjfc Ij j Ijjj jlj'il I jtuj-il 4_ujjfc I S j-ii-i « jjjaJ I 



2 , frJJ (jSL^JI Li^jj-J i*Lj^jl!I LujuLi ^ "">j L*jIj (4jLjrj < ») 4l!l (j! juj 

^ a m" I ^ jlr Jj-J I ^ t U i .i jj— P ^'jj A ±\ oJ—^ 4i!l J-«^>. J ii fl 

jrujjj (jc SjL^. Surface antigens i^lJu^aj! ^Receptors jn~mi« 

CiLl^ JL n", „I .Jl .n", ,„VI 

J I iK-i"t^>U I Jl^j i<L_lL>JI d-i_ L . < _a i_ojLIi_jj j iill I (j t a itLj-oLi. 
Lk^aJiielLj/lj tcLu-oj ir-i->Jl (jjs £ LJ'- c - cI ^*-J- 5 Ur^ - Cj-oI^Lo <Jll^l jii" i n 1,1 ojufc ^^3 

jJLkJI (j i (j^aj .2_ucjlj>JI Lj>UJI (^k. L^j *Ij_ia>L! Markers «JjU^I^ 

<Jll!M jii" i .i a I g T U i ui J- 1 *^ - Lj^LiJI (jjs Lifcj_L«ii _ 2_ucjL>JI Lj^L>JI (jl 




a^ckaJI'ft. il^ll 



i_aJjiejj hjLju^/I t^-It liiti (j£. L^LLolL)! i_y^*J (_y£ ' afciej jLail tU^.JL>JI 

ijLail S-lcJljJI Lj>L>JI ^ Jl>-jj SSEA-1 (>L*jjjVI >LiU3 iSj^SJI ^ L$ic 
tjl mjVI '^•jj SSEA-3 . 5 jsj—SJI j! (jl mjVI ^-jj ^ cL - ; ^-I 

(jf ti^LJI (^ic <_]<j ' "Jl <j-«-2 liiljJ • I jt£-*a jLill cr^ JL ^_W 3jj_UI j 

o Specific antibodies 

^jja SjLc J^vjjj . jl IjL-S Jl LjI mjj (jL^ *lj-<-u I J i a a *— ^J— 

: L^l^jf JjJl^j d-^jjJI ^AjJI ^J^. i^jjOiJ 

Fluorescent Tags2i^ljJl jiSii^iUl GUbdl ( \ ) 

diljLiiVI (JLi^jl cjLljj^>. (jj.lL3.LjJI I (j j o mj jIjJLI ojufc iL*I^j <ji-3- L$j 
3_iJLiJI Ljj j»^Sj (»UjV ^a^lita ^Jtj i Signaling molecules 

J <" i ul . jujujJI Lj^Li. j^L«j>. Lijj_^al c^j>o t_J-«-*j (_^iJI <LaL*JI <La j h i o U LS-Ja 
jl (jj S ■ aL Ij^».Ijj i<_lj^>U>JI ojuk ^ j c j >JI <_jJL>JI (JjJLj>.LjJI 

^2L) «Lj| ^ i + 0 1 t^yj XJ ' Uj^J i g H 1 ij)^ I mJ^£LlU dtJSO L_$JjLj| jLLC ^yUS^i 

.ij-^-j ( _ ;r i ^^iiAjj j»j^-ujJtl *(_gj^>JI (jLa Jj 3" i JLlj *(_gj^>JI (j^j ijJI i. . a VI 
( _ ;r ic ^p^l Jju L«5 LaL<u 2_LcjL>JI L^LiJI Jj^>-j (^J^. «jj^-j (J^ 1 ^ . i?->tl 

Fluorescence. JauUtiyiwii^i jiL^>iUi2Lta«i>j biUJi Jj^jb^KT) 

:- activated cell sorting (FACS) 

. ^ j S". ,„1,1 j! <J^I o ,„1^11 jL^jI (^JLl a-SjjJaJI ojLjk J^Lju 
j<u i ( _^L>. (JjLjji d i^ialj «JliLa^Lc jjs _ cLljC JLsJI cLlL>JI ^t-i i .i "LaSLaj 
a j j i i r^i «JllLjtILa jJ^Ls- ,j^a JiJ^l—Zu i U i i b d_ajjj/jl,l Lj^l— >JI tfjufc JJ-«J 

Sj^ejUI 2 i>i aljJl S^UI J-;pJ (_^SL! ijj—ilJI ,j^a ^1 < i^i 1 4_lL>JI OJUk (_p3j_KJlj 



» 



,d_±jvj_a 4 'i -r u t J^>u (_>^">J V (^jJI Lal d_jj|_<_u d i T i"i J-a-^o Lgjl jJLSj 

iSjjl_«JLo j-ji-C ^ j-C JL> d jl ■■»■ ( _ ;r ik d_jJI_<_uJl c(_lL>J! q\ (jVI l_3j|j_«-^o <J1jLi jjsj 

<— 1 1 >t i"i i_3^>LL>.l ^1 IjJajj .t_4jv_j^o jui.|j i_JL-u t_<_ta^ dj *j La II jj i^^Lij-^ 

i2_l>-jJ,I tjjj>.y\ Lj>L>JI Ijl-jjij J i a a ~ i_aj i ,i a uJI 4j^.jL»JI L}L>J1 

(10,11), ,. ,. f . , - _ 

. v ' d_i^sL>. i_i-uLil ( _ ;r 3 1 J *J 1 7- ' («-'i? 

:(PCR) Polymerase Chain Reaction J^L^l 3>*Lrfi J^Lti (r) 

(_,jJlj - ^ m 1 J^olj-Cj (JIiLLlj». JjJljoj d j i ii "1 t 1 oj-ifc j> Jl-st "1 1 n"j 

joIjj . LgJ Sj_^4-aj d_i£. jij>Jl cLlL>JLj JaJia cLlcL». _ u1iLLl>JI J^il ^ k m LikjjJiJ 
ja^-o JJ-5 L^-I (jt^JIj d U uuj d o jl 1 .1 d_Lol_c <JLil_Lij>. -5_y>-J (j-C 1 ti mi^IIj dili 
(J^Laj d_uj£j Sj_us j<ukl Oul^J . jjLjjJIj u n ir-i V" 11 3^tj cU£.jL>Jl d_iL>Jl SjLlS 

3j_L4-a Genetic Markers S-ljIjj dLuI j <-al <1 ^ J "'l "'"U S j-JJl 

(j^sLa. ^j-uj (J-oLc dj (jJjjjij^l i>^>- 'Jtiil Jjj ' n •^-i^-^^^ djlVlt LaL«J 

(jj^oj_ik ^ U<_i (j-l->>Jl j-<-uj *J-J (^r^- - "" 11 (J-ol— c J ir-i 3 1 _ J o <_) idj 
(j-u>Jl Ijuk ■ A J 1 J j ta (jr^ 1 (J-*-*i J-^^ "JJ^V 1*^-* ^ 1 11 itl (J^oLcj nj^jjjju^/l 

iPDX-l ^ o 1 11" 'U Sj_^4-«J dj d_i^sL>. d o t nlj JjJLso (j-o »1 oUll (jSLa-! ju>.Vl 
d o < nljJl oJ_ik (JIiJjvj (jLa .^jt ik-i (JjiSLkJIj (J^j>J1 -5j^>-J Ur^ L^-^J^J ij^i 

dL>.lj_ILoJ d U ■ d jl ^ f . (J-iJj)-'.'ljVl jj-^J (_3^_i_u 1_AjjJlJ ^^yllJlj d J ( "Lj^^ ' ' H 

(jjSj (j^>- ij— (jr^- LgJLo (J^ j»i 1 1 n_l d_LL^Lil l_aLxj JJJ-J j»LLaj ( _ ;r 3 

d_Li^l_a _ d_2jjJaJl <jj Lkj_^c j^o _ jJJj SjJlj*^o d A j U j d_ul_^ill d 1 , ^. -^t I 

""« J-d^ 1 jJj ijoSL»js J j ri <" djSLI 1 J_jJL«j J_<i/I S J ri <l,lj SjLjjJI J 1 u -»J1 

5Reporter Gene ^aL>«^Jl (jc^l ji>^>tti uj^ 1 (O 

1 ^iiol dilij id_uljjjl d_<j/J_L^Jl <— 1 1 jJlSj I Q J fl OoajLir" 1 ul d_SjjJa 

(jjSi jr^v da^_a (J-»-t-i (jrt>. iReporter gene j_i^>JLl jr^JL i-aj-jy La 



a^ckaJI'ft. il^ll 



^^ia-al^JI ^fu^j— JLl t LLljl^o l_Luj)j-l d t * . -»- j 1 1 j cL_j_CJL^>J1 

^j^ajj <^j_^ j-Ge^—JI Ijuk iGreen fluorescent protein (GFP) j Ca a. V I 

i p i u^Jj V cOjIj (_^-ikJ I j\£j i d ri I" ->J, 1 Lfctdl 'u (Jjvlj_a 4jX.JL>JI *LlL>JI jl r h a 
i£(_lL>JI jJL>- (j^- ^N-j^/lj i d i a i a ie " a Lj}L>. ^1 jjLa_jj ( _ t j*J I ' •*■_' f J 



I '^j-«-a j i4jx.jl_>JI cLiLiJI J[j-c (j-a _ d 1 n rVi ojSjJI - I j -cS L a- T u ^ iSJl>.Ij 
. d 1 a 1 a V~i a 4-lL>. j-jL^J p 1 niiil (jr&J ' L^jl 1 u a jjjj pu < L#£. JjJlj>uj 

JjjjJa i_jljjL-2JI Sj_alj 4_j_CJL>J I 4_lL>JI i— 3j— «-jj (jl LlISL^J I j Sjj U 

2_ucjLj>JI Lj>U>JI jj^a (_)-3L>. idili JL_Lx l_Ll puJ ^i? CjjjIajJI (j^s 

^1 I (j jlr ^LL»jij t^ttl ( _ ;r 2j ^yflj j»jJI ^ Sjij^vj-a j»JaJ 2 'i uuJU 

(-) 4-a>Lcj . (kit + Sca-1 + CD34- / low,c-) ca\ a 2jMj (jrjj-»j 
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j^jlj (jjfc 4jJ im->JI j! 2JLJLJI 4^ jl^JI AjJLiJI 

2_lL>JI j^ju 2_j^.jLj>JI L>}L>JI pl^jf jj^i j<uk! 

j j c. Lj2^ i- ur*J J^-J^-'>H 2 j c j =JI 

4jt i gjf ^3.5^^ Undifferentiated SjjL^La 
jJLJI (_^-><-!l <1>5L\JI cLjcjjljI (J^ J-^-jj iSjjLalLo 

.diljd «LSi^l dJli* 



4_lL>. L^j Li Lg-fl-uaj * L>- 1_La (j-o j i L*J Li (j jSLj 
L$j| JljU . ^LSUI (_gj_«-«JI J-2JJ j I t;r lajJ' 

4_£LJj i I ' ta * I L_lj L£Lo C-d-uo j3 (_3 ^_t_u Jk_ftj L_4 
■ alUc-a I j c 1 I (j'*- 1 j>- 4. t -^- L ^ ' ' .}j.-Sfc_S 
dJtJLJI a J< JiS_fl I jj . g ylLi (j^LaVl 

jJI jjL.ua U j -i C (^lc SJVj daJLfl Ci i m j t Li-* 
(jji L&j- j L j -a-I i J I uiaj I (^SLIj 1 1 Ir I il i^ 4_Lo 
.The Adult or Somatic Stem Cells (*) 



u-* • 




a^ckaJI'ft. iItII 



cL«J LjJ I <I<iK i cLul J^><-! I '^-A^ I 1 a 1 oj (j I j I (j I "' ' " I Lj I J • LjJj-23 j» Lj I 
CLs\ ii i^-il j^a cU (jyjljj J-^^J-J i-itoj j-fls La jji LuLSLa jl Ljj..aJl I ninj (j-"jJ 

Ij-Laj ulil JLa- "i i .i a (-di—Los (j I IjJl>-j ij-^>- i^LJj ^1 (j^i>.LjJI j U , I j . d_Lo- 

(_j jJI i nitl ^ujiLj jl L^jLSLo ^uj/Li SJLILJI «Lj^. jl>JI <tfL>JI (_, « i m~ Miuia . jL#j 

i.'h < i » J-SJj . «LiJLjJI d <K i Lajlj 2jj_jJLa J k" i .i I ^ i*C 1 ' c ^!-3 ^>-J^ 

di! jjSomatic stem cell 4jj m -»JI 2_j_cj^>JI 2_LLkJLi 2JLJLJI 2_j_cj^>JI 

_i i ni->JI i ujVl («-Ij iJa^a 3-jJ i h -»J1 cLa- i ujVl (^ Lfl>J>^>._aJ 

.^j^JI (Jj^>JI ^ Liiaj! I fljlr jiLc La^ i4jJljjijJI JLiLoVl 2jc_<^ij| ^ LUajf 

i>° Jj^ Spore like cell ^Lo^tiU 2_<-c.jij>JI S-AiJLi Lu^jI o j « mj 
dijjis j M. P. < Vacanti ^L^La _o-a> «j IjJI J^oJI ^ Lj j_if < L^i^a j 

j : j_«^>. (j-a Parenchyma ui ->J1 g-j mlll LjLj jru ,jjs j-ill ^ trjLjjj^Li_a 

Lj5L>J! i_kjTLJeJ LiLIjiJ (-3 -&J (jr^— ^ ^"i Jl Cj\ uil ^-j mi 

S_alj 2_3jj(_a *Lb ^u-oVI di Ils.| ^^lll j tj.l ir^ilj 2_3jjj«_a tl j ij i->JI sl_LC. ju>JI 

<U£. jl>- <uli- (JLiil Jjj i n (.Ani . 1 j j i iij (j-Gjjlj (jbJjVI ojL^ j!j i<LiLlL>JI 
iJiJf ^ o _ i_aVT ^ • ,_L? ^ Sjl^-I j Hematopoitic Stem cell ^jJJ 3 l , ajiJLi 

1 (jjlr J i2_JLc.j 2_lL>. ijr ^s I j! . ^~ lV -' ^UajiJI Lj^li- (j^a ^ili. 




6AlUl'6^ciaJI UUaJI 



(j^Lo! (jlc SjjLa Ljjf SJLILJI a.^ ju»JI 3-JL>JI ^uk! <j-«£" 

. La Lajj 2 'a \l , ,-, * ^Jj I ^ j 'a jJLtlb (j I (j-djvLjJI ,j^a Jljs. I jjalt «j joJ - I . c i j 

^^-ifcj _ L*J^j>.J LjJ-k- 1 Cr^ 5 * J^Af f (i L'' '*- j ?"J' Jl ' 

J U.tl < ^ j_~J| 3 "y, <tl j 3j_iL~J,l j a^jvjijj,l (j£La^l dll" ^ _ Jj- I U'. 1 1 aijlm 

i^llLa l_£ljj L-iaiLl 1 jl 
(jl (j-cSi idJLtLJI £U£.Jl>JI djlVlt cLlIjlL^JI d j a ifr^M (jLa i 'l <"i (jj-i (j-aj 
^^Sj dJsa (_gi I i n ri m I (j i iifl'l JLjJLso "jjJitl I flj U «J (^IjaJI I (j -r o Lj-1 
I al_a" I 3 2->LU_a Li^>l i. ^yJl (t\i<i " i") I gj| i J ui =JI (jLSLo 

i^VL^JI ^ L^il U_£ J^ISJI (j_a ajjjis tijl j- Clonogenic 

sjl^vIj a i^i i- 1 <i 2_lLs~ »i u r i Sjj^ui L-$jjJ iniit a j < j j uti 

cU^jvj dJSLi ^LajVI j jjjL^tiiU i n < 1 1 L$-JI j;L^*j Unipotent <U"q 
^ a^Li. Multipotent <^ljAi!l ou^Cu* a^u. L^jf |_^f L£ ,0 A ) ^K^jJl 
.Plasticity a^ajJJI a^oU-. J}Lk ^ dllij <a_;^ jX\j a^-j^JI ^VUJI 

(_t"JI i .i itl L^LiJ LaLa-i cLajLla^o g' ■ a i a ie " a L}L>. ^I Jaj^Ju (jl »^U" , ,," 

_jj| £^aj (_£l ^1 jJ_5_»JJ (j I ^jt-Tl I n* L$jl J^>-T J I 1<U_3 SjlaJVJ-a ( _ T jk 

- C ^! J: ^J^' , ^' c ^-'t!-' j ~*-" c *-^L>->^' j' f^Aj^il) ^J^LiJI ^'-i^J-O - **'^ .-<! " ,Utl L^L>. 
4 j m i ~^«J1 4 2jjjJI jl j»jjJijjLjl _ w U , ,,j 1 1 d j m i-»Jl d SjjjJI jl j»JJ-5jj J— « 

ouL£ (jLa i^-j i n itl jl j .'^ .tl Lj>L>. ^ a_;ls. ^1 L^_JI (^-c-Hi ^pJI (a_iii-ljJI 

4_2jjj (j^o ^^JLujJI ^^LuJI (J^-tj-^o <— i I uu jJa i n i tl Lj^Li. ^I^jl Jlj>.I 
(jLa (jJI ...i_ajjl i^iitl _ (jjkjJI _ |»jJI _ j*l tajJI (j^j Lj>Lk^ >LLo) ^jjjijj-iil 

a i i Vi a i^j^s-l 3_jl>. ^l Jj-itjj (j! ^jU" i ,n a_«JLiJi a_L^jL^ji a_AiJi 

cLilLiJI cL^cjLsJI c(_lL>JI (j I . I i n ri") 4_tluj>JI j»jjjijj_j,l 'Lajjj jj^a «JliLAj 
jl <-fljjl i>i f jl (j-ikJ L^Ls- ^^Jl J^tjj (jl ^jt-i"i i n") i^LS-a ^UajJI ^^ij i nit 

^jt-i" i n* V _ f.\ U<tl ^^ij 1 1, it a^. jl^JI Lj^L>JI ju^lj _ L^jl JljU . (jn'vttl 

jl jijjjijjjyi 'Lajjj ,j-a CjLAj cUli. (_jl (^1 Jjjtlij JijJl^JI (_JJ_»jjj j-iS3 (jl 
...(jmJI <L<jiJi£.j c(_uj_SJIj _ j tl jLj^JI Lj!>Ls~ Jila i^jjJi^jSLj^I "tajjj (j^a 

Ji-b 3jjjljlj ^ Ll* a_iJLJI a_L£. Jlj>JI 3_lL>JI <^uljA^ a^jjLjtj (jLa I jJ t jJI 

oJjt£ ^ia i(_jjj>.^/l ' "'l a-JaJI (jjiJj iOjI Lg-La ijr^\ V^uun d_tJL^L>JI cL2jjjJI 

3_lUJL^ <Pluripotent cjIjJl^JI S>alj a_li-. c^jKJ tiitj 




'a^claJI'ft. iItII 



Filip S y-tlj-fl j! j_u .cu>LiJI S—jIj-L^JI ^l_S_JaJ! j-j-c^*. b>Li- w U 
(jjljJjI (5<j 2 > aLv w ^ .s, j ^ IjjVl p ui Sj Mokry J ^jjj— £j «j 

Sj_alj (jj^ lilijj w j " a ' LjN— ><-!l -i >■ - 1 La c [j 3 j S j UU _jjj^_>JI jj j c 
(^Ic 2_j_c j^>JI a_tUJI (j^Lu jjjiic ^jkj Pluripotent «j^ljj^JI 

.( v ^) S^j^l U>UJI diLU^ <_£ >c 

0 U»"i idJtJLJI a_^ju>JI 2JiJI cUjvjj (^3 (jjibvLJI JjLv Uj 

(j I I— LJ JJjLJ La ij_iL>J.I (j-^J Cr*"^' <lH^"" J i na . (Ji-1.5 i U n'°i 

c^ju SLj^JI 1 S .u j LULpjl lU_p ajLlLJI a_j_c j^JI a_Ai»JI 

jjJj J i ii -»J1 Lj^Ls- (j-o LjJj_flJ Lifcj_iJL£ "Lili- ' L^jLua-». I Ot£.j_CjJJ 

.cCLus pjiir <l_La Oj>.jl>. Ijl La I i«UI (_^-<fcJ 

j_u^>J,l SJJLJI 2_^.ju>JI 3_JjJI J_o^j j»juJ *Lal*]| p!.. r. i .h i i. (jSLI 

.njj-j (jt^ i^Stl £jLlj i_2j_<_u StLi^aj^iitlil Lj^L><JI <j-a SJljJl^. pl ^Jl 
iSjJLJI 2_ic jjJI 2_tli»JI ^ Lil jj t Jjl\ 2jJjjl>J,I ojuk (j? jaLu (j? Jb V 
Catharine ^L-i-a j— <_a (jj^iKi . j| j A SjL-cUa J£la < LiL^f p U^" 
Cr i^. cAuas». L^jJ cJl^ iSjSLi^Vl Ijj^j-LLa 2j>^U. ^ SiL^LJI Verfaillie 

SjJ * j a 2 iJLi 2 j m i -v. L^l i. caj i2 iJLi 2 j cj >. L^l i. 

(j-Sj Multipotent adult progenitor cells or MPACs o! jj SJI 

A 1 1. -^Jl 3-ja- ni'il Lj^Ls- ^Ijjl J-d-*-^ '"'^ r I Lj^LiJI «j-ik (jlj 'j-lLj o Ur 
jJj>-VI (_gj_Uj d-^s-J (j-^J ^ t — <J ?"->^' < *-'- a 15^' g^J 1 "'^ Lj^*- Ja^a 
SjJ * j a I g_j jJLi. (j-Jpl ^ Bjj " ^jJI uiJ (jl 2JI »JI «j-ik 

LkL}U. (j V Jjiij j<sJ LgkJj Pluripotent adult progenitor cells <ju! jjlIII 

(lr>J>- L^jjcjLlj ^1 SjjJi^JlJI cJ u<ojj Laj o r j ! L i -L i -l > . Ltj^> ua a (jjiji 




6AlUl'6^ciaJI UUaJI 



<_ujj I o (j~ r jjj I ^ (j" ^ I r j (jL-uj| (j-a L^LiJI ajufc mJJU>-I Cjjui-I 

£y& jl~»«-II £>a g Ul i-s T i-a 4 j ge i n 1 1 a. "w ^jl CjJL>.^ jLaJI J_l^_a JU*j«. t^j>.T jLj3 

2-iJLJI 3 j i n i-»JI LkL^Li. (jl ji^Jj L<^a ■ 1 1 j'^jj <jr^JI <j-CliJLJI iyCu < n i-^JI 

I (j J jl--- (j' ^^-^-J (j' LS' * Lj^LiJI jjjj' i a - CjJjLaj) JU3 

La d_y-y_->J I 4_uc Jl>JI 4_J_^-J I LaLu cL^jl uij a p la » II ^j-a 3jUJU>JI 

'*■ a- <j^>- ' -i j Lu i—S^Ll^i-VI Ijuk *L>.j ' aJbja- 1 IjUs-lj I 'j j mi Ijuc 

cij>Lj£Li!I oj^J p& i2_j_c.LlXI 2_ajL_Zll J U » ^ jJL ^ LkLOL^i. 
2u^ju>JI L^UJI U£ Cancerous masses a_uLLs j-^JI 

^ lSj^j cr 1 " J Teratomas («-^L i_a Lulla Lajj (jjS^La 2_jJ_j_L>JI 

2_j ajjjj >JI Lj^ iJI £-a 3jj " 'CjJI 2 jli. I ^ j '°i tiJj— J cuj 

^ " < 0 U V mJj-^VI (j-a ^pJI j ,Embryoiiic germ cell 2__ ! j t! _l ? JI 

(jl i3j_J_a Ljj| <■ i t i ntlj . ( _ ;r J>JI (jjKJI J i n -v. (jJL>JI JUC 4_ljLtaj_<-u 

Cjl jl o r /^S: I j£j '<J-SL *Lcj£ 2_|JL>JL! £^L*JI /^S: La^al JlielL-ul J <j i ii J Ijuk 
. Lillaj—a-u (jjijjj 4 az mjj (1)' ^-iH O-* 6 -"-^ mjVl J-Sjj <L-C.ljj 

(_ T Lc LtL a> I -i j ' I i*t_plj^-a^l j_LljJ (jL-u (jLliSj-ji C-Jlc I Aju±Ju C^SjJI 

Multipotent adult cul jj_l!l 3.sjL_«-JL-a a_L!L_JI 3 j ,„ ;->JI 2_AiJI ^j^Jn 

,^r\\ j jd=JI (j^j progenitor cells 

cLi£.JL>JI «LlL>JI (Jjtrt-i ^q_L>JI j^j-^o i^yjS aj i"i i a ^jLUll Cj^L>. ^3 

Robert HoffmanjLj L7 lc 1 /'jj j : u ^ 3-«-aL*j 6^ f" 
2_icj^M Lj^Ls. ^Ir (J j ■ ^> -- 1 1 (j^a I jj£L«j (jr^>- 'V* * 0 ^L«JI ( _ ? IL*jJI <L2j^_aj 
Hair 2 jt £ul\ t_jl j^>J 2J>JLJI ju>JI i>° ^-tH j."^^ Lj^-^ i Ajj-ajJI 

U-a! follicle stem cells 

3t-M-m Schwann cells (jlj_i Lj>U-j Glial cells 3j 2 uJI L>LiJI J^. 
JjLc i_jljj=^ <J-«-j>j (^lll Myelin (j^LJ.1 SjLa jj-ij ^rlllj «. < uojJI jj^<u 

(j|j_tu Lj^LitJ t—cua t II jj^e_a *Li-!J . 4j i t-i_i I o r i—oua tlt 
J «Ij-uji La I jukj i2_i!LlJI 2_y3jJaJI i— il i^i r ^?l CjIjJljJI ^^Li^al 

4-j-C.jlLjJI 2-jliJI C^lj Laj .5 j j i^itll (jlalj-aVl ^>Lcj 2_ycjL^>JI 2-jliJI 




I j '■! Ijuk w I » i *» .5 . uaie-jJL I L^L>JI (j^a 3_ij_*_a Lcl Cxlac 1 £j t mi U 
t.AeiW L}LJe£ imJj^-VI 5 . . jej 1 1 L>L>JI pl jjf J£ - I Lac) Llj>2j taj i ■■" 
w ■ — c I ^^Lc «. j taj Ji_3 iiJ_La Sju^>.l_j 3j « ui (j-a— I ijj^Lj^SLLJIj 

3 j r Jlj>. 3 jlV ~; uaj 3JJLJI 3_uc JLj>JI 3_lL>JI ij"-^? 1 -^ O- 5 ! O^' J-°^' 

<(3_aj)jVl) Ijl^. 3_L».Vl JUa jd^ L&LLJaV j^JlJI 3_Ja}Li.Vlj 3_ujJu! 

ol_3>LjLji.VI i jut .S—iLii^JI 3_;_c.jLj>JI 3_lL>JI (^lc Lg_La J j i ^ t 1 1 
i_ CjJj-Ib I 'U ->o tSj-JajJlj 4_j_Lj-e_»J! 4_lj>. jj j _i j 1 1 

3_JLi. 3JlJLl!I 3_j_cju>J! 3_JL>JI (jl J>Sj (jl ^.U' (j^l J^a t »l j ,nVl 

tJ £ Uj—il/l L«_£j Laj o r J .V JlJLj-C.1 )"SCjIjJlJ"JI SjJJu-e_«J sLjJLl 4_j_cju>. 
<1_lL>. c!_lL>JI ojuk (jl Jj-Sj i-". t uaj LLsj)j_^ii cULuk (jl ^1 3jIjl-jJI 

cLucjL>JI cLlL>JI Lfcj_"*Uj i_4jvljJI Joj|j_<iJI ^j-^i J taluj (jl Li-5jl 

: «Lu^M CjLLuaJI I j^'*» j^Ijjj (j I <-;-^"-J 4jl!Li tUi*. JL>- <LlL>. oJUk 
I (j i .i ri ) JljJ^>>jj j>l m ,j_a I (j i*v <ij (jt^IjJ J-^^J^ 1 Cllj (jjSLj (jl _ ^ 

.(_y>JI (jjlSLIl j i'* mJJLo (jlr I j c j j >LSj (jlr jlj t nLi i t^'al ^" ,_£] < I j ... A T . 

Jj^jVI jJa Clonogenic 1 3 ■ .■ a '■ y| mu (^JL*. SjjuUI L^jjJ jjSi jf _ Y 

a U ^ Luljj L^J cLajLLa^o Lj^>L>. 3J^>L<ji «^tv, , .." L^ji (_j| i j j " AJ, I ^3 

4 j 1 iiLUI d 1 f-i 1 <a V "1 1 1 Lj^>L>JI ^l_jjl J^J-4^>- (_,t-n~ LikjjJij (_^lJlj i<L-oLi 

,cU£ MjjJI g-j I II 'H 

SjJLaJI _ L^Lo 3Jr m i**i 1, 1 U SjLjJ^jJI Lj>L>JI dlj^j _ L^-JjJ (jjSj (j! - T 
(jjs L^ys- (j-o £-0 d o -r 1 11 ia iLaLaj cL5tx*=Lj (j n i .rV" 1 1 dlaL£ Li!>Li- »1 Ur I 
Lj^L»- OuL^ (jLii .'L^ii J-^>-JJ i n itl Lj^VLi. (jr-i -ej (jJiAj L^jJ i Lj^L»- 

(j mi 'i L$J 3_ijSJlI.I L>L>JI ojuk e^-iL£ >Li_a jlj-a^l 3 j i^L>. LjjJ ^-j m ;tl 

i Uj -»o (_^lJI iSalu n 1,1 jl <—i I o i nljJI Jj^>-J l|jta (3jl U"n i4_u-ol_>JI 

. LMiJI dilj »1 uJu 

I" 



6AlUl'6^ciaJI UUaJI 



jjL^I /\ Plasticity <jjjJJI 3 , u»U. <u ^Ij^JI L^t^olj j-i o-jSLj (j! _ i 
3 iJI jJ( S_j_cj^>JI L>UiJI SjjJa ^<kj i Transdifferentiation ijjis- j . r 

Progenitora j , m ; ->JI LjMJJI JiLa l 2_Ja J - u j Lj}Li. ^Jl Jj^t^i (j! . o 

. Lal^i SjjLoa Lj>U. g^uaj (j! J-^s Precursor a_JjVl LOliJIj 



( _P=>j_a_iJI (j_a IjLj^-a ^ A uaJ Ijukj i JU JLj*_iII 4-^- J £ *-*J^—^' 4 j r ju>JI 

SjJLJIj j_«j«JIj j>taJI 2JJLJI 3_tL>JI tfjuk 4 i „ A 'i c^sjJI ^ SjIj^Ij 

(jl (jrC^J (J^>* .'N (j' J .(jO-^-Lj-M j»La| |jUJLj>- LjJU>u (JJlieJJ j «i 

^jj-"-* 'W^W - ^-^-^J c^iLkj JL3 ajui 2JJLl!I 2_l^ jl^JI 3_jli»JI 
L^l i- ^1 " "N o^- "-^^ iilijuj ij^_jJ.I i _ ;r j_Li>JI i _ ;r ^LilJI Bj " a 

CLcS^ ^jL>. (jl tjr !l 4_tJjVI 1 ^ u^ji i a Je * 4_LajHj*_a cJLLaj i 4 ua ua^C-j_a 

(jl JLu . I gj Ij 4j>-L>. ( _ ;r 3 J i n->JI ( _ ;r 3 La j ■ eac jl mi i _ ;r 3 Ljla SjLUL. uVl 
LgJj^_i^a ^Jj^i-Ll J I <_Sj^_La_! cJj^><J L^Li. Jj^sc—a Lgj| J S " « J 

La£ LaLaJ Ijuk Lgj ^aJ (^iJI 3 J flj 1 ^ II (JjJLj^ej IjJIjLa j&^jSLI i4-lIL>JI 

(jl (j^>- ( _ ;r 3 isdjjla CjI^LA] 3^jLaJ-a j-jtc 4_LaL£ LjjLoj i_jL_<-uI (jjl^-fcj 
(j-a^j Luij .j»LlJI (j -~ ■ aieJtJlJ ^jLa-lll (_Ja-lj-a ^\ J-^aj LgJjjs. £^a Lj^L>JI 

(JL>. iij|ju>.| Jj^>-j o-^J-P cr^'j ' -'-i-'l-->JI (^ d a (j 1 1 cjLajLiiil (_jju>.| 
S-iijj^JI 2-j-c. ju>JI 2_iL>JI (j I (2ri-3- (jU't . I lLa-1 j jjju cjLclj_i^a j 

3 j r j-jJI 2_l1>JI CUilZ ,5 ua-uaJeJiJll Lj>L>JI ^Ijjf y-*-^- p *"' 

j_taJjj i LjJa^s- (j-a SjjIjJI *Lj_ukjJI Cj|j_uLlll (j^. Ij-jjlj LuL>- ^jjjjj <_»JLJI 
JajL^o (j^-lj i^Ui" iliJj J-»J ^Jj-J tjj ii " i ii U J-^e-j 3 J c I j 

. d Sj i ii a sLLula tlajj_»ijj 
Bj ,~i" ; a j I S^jlJILa JU>-jj sLiJLiJI sLtcjljjJI sLiJL>JI (jLa j»Lc J's uuj 

4_L^.ju>JI 4_iJL>JI 4_»JLjJI 4_L^.j_>JI 4-JLseJJ j<^-aj j J <} mi JLj_a . ^-J-S 




^jLa-jj ^aJ i^aiajiJI ( _ ;r 3 j<s-j|j J*C ifuj J-j>.JJ er-^J Lj^LiJ <L*-u 



uL^VI 2 AjUjll (jf ^ Uj Ijukj .2JiJL_JI *jJI Lj}L>. fjjj! cr'l 
( _ ;r ik i2_i^>Li. ^jdJ 5 . ; , Ij 2_aLc 2_*JLjJI 2_Lcju>JI 3 AseJJ 

<Lj^_«ji1I SjjjlJI ( _ ;r a 2_jjU>JI ajlJI (J^L>.lj 4_JLa_c 

1 ,3 j a tj-^'j i<_S_lSjlJI «L»_a^l Lj^._i. Ijuju^oj o <jll jl ^ -»-U 

3_JLjJI 3 'i j j J L«_ij djZj 2_|_£:jL^>JI 3_JjJI JjUj f^-^ j? JjUj 



2*lUf <M'^Jt 494«-! U A«d cr" y * a ' 

SjUj _ 3_JL!Li 2_j_cjL^>. L^jf j n *f «'i ^1 _ LMJJI Labeled 

«dJJj JutJ I gjl>-j ^pJ ) jjr^^ m f H ti-U^J (d_LjJL^s 4_ul_ui_j^ 



<_ilj_^>. imJj — <-uJI (Jj^>JI i(jl_LuiVI i^jJj l ijr J " — ij II jl (j f I I 3 i U j 1 1 

LfcjJ » I i >i r ^f 1 1 j 4 miWI «j-* a-a- (j' 1 ta ~>-^m i»j t mi II 

.liH^lll a^ti^JI a_Lajjj^>JI oLiiaJI 



fiiJUI'i^ciaJI UUaJI 

I jl^i Precursor /progenitor LOLkJI e'jjt ^1 j j iVt j! ^ 

Jj^ 2JLILJI ^ucjiaJI Lj>L>JI . La j .'^^ j! g- j i m'i ^ Sji^>.jJ,I 2JLILII 

' w la i --j «LL-vj»^_i j_aj jl LgJ JljV l_i^L>J1 j^a 4_.ua L_a_a&_La ^ojI ^^J! j-iL jl 
-La- i ml ( _ ;r -S iIjJLjvj ^Ij-j-u (_j-*J c *-_-^9^' L^L-iJLi jJLLl_>. LkLOL-v. (j o i aJJ 

( _ ;r L«_aj i La Jljv <l i^i^i-'a J-i^- U>^ j^W U^"* - 'l^a- mjl (___£) jl j-U->JI 
(j» i uJ L-lIjt-T LaJLuj i Lu j--». I ir-i ir->-c__ <li^ i^iV'a jl jj|_a-i!l 4_____aL L$j| 

2 jU r ^ di! jij Sj-jI i n a iJ-aLSLIl jjl— «JLllj ^ i^iitl (___!! SjukL>- 

JLa-I-slj Jl— u * i ' i " Lfcjjj-J ij-.La^l ^1 (_gjiiJI (^LuJI ,_L->-|j__a 

Intermediate cell types 2 U ,„fl\ LjM kJI oj^ jl a IjJ .j_-^l 

L^jJlS |»ju(J dJJij iS^Lla. 3-j-^Jlj>. L}L. i.-. ,„ A (Precursor /progenitor) 

L}U-J! jf l£U j JLLa . La g-Lu.. ^ L}UJI J£ *U__t-j ^ 

LOU-JI Si o .„U f.jJI L}Li. 0 U»"i Progenitor Cells ^.Sj ^ 3_JjVl 
killer cell -LuL-UI .„U tl 2uJLi»J1 dlL\-_j B lymphocytes T& 4joLL«_lUI 
1 U-a 1( _jj^.Vl -Uj_ajJI L}U-JI S_L.ii ».__-.) ^jU~i m* ___L_ Natural 

^i_s__l jl j-J-C .4_l_J__>_I LvLtcJJ _____ 3^_Lc_a 4_LiJ_ ^ o j a d d i a ) -U —3 

3_j_cj^>JI L}Li_l j_. Jjja t La g- j i „'t Progenitor L}L__ j! 

.(J^iia Jjlj « i i a 

2_j_c:ju>JI L>LiJI 3U_. ,„jtl Lj>LiJI jru j-j-i-aJiJI 3 j A j < 

. La i uj 3ji^>.jJ,l cLajJaLiJI 
^ i nii M LaJ-i^. i<-kjjjuz jjk La^ d i r-i t V "i a J^C 4_«JLjJI <U£. JL>JI cLlL>JI — 
SjjLaj LaLaj Jj^s^L! SiLLa^a 4j£.ju>- <LlL>- J^^s/I L«jkljL>.l ij-CUli. (jjaju 

t 2 !^ a 2_lLs. jjSJLS (Jj^Vl S_lL>JI La! i2_uLi Sj^a |>l im ^le. 

. L&j^ljj i^jJcJ cI -'tH > - 0 i-3j>laJ Lfl-Ja ^jUtL 

a_<-cj^>ji a_jiiji jA 0 >, j 7,1 ti aUj ,„ji\ s_jjVi s^LiJi La! _ 

j! t L^! SiLkil L>UJI <>a Ijjj^ 0 U<" j! 




a^ckaJI'ft. il^ll 



. I o (j Lu 
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dijilat SjJL i^j^ (4-uj_i i^-nll 4-iL>JI :JHa) 3 



,j SlJjI ^liti 2uii. 4 (Jl) 




fiiJUri^ciaJI UUaJI 

Intermediate precursor cells «Ufeal^lt 4«J$¥f LjMftJf 4£m£$ 

Jafll — * dJJjbj iC^Lo jt Cm j, i^f (^jJ! g-j i .i "tl Lj}L>. Jj" J>U>.yi -'l 
. uull w fl_j taj II (ilj^/l 4jjIj_«-j_<-uI (j i i 4jJ^>.jj mitl i 'l i uLttJ 
"i-Uaj-C. jj£3 (^jJI JljSLII liUjiSj i cTj Li Lt-a I CjVLv £jJ^*J La liilj JLxa 
S i a S rt d lAc d U i n**i a o < n jl 4_ijCL*_a <*UjLc ol_i_uj)j-_LiI L <ijI^ 

.4_lc.L9jJI j , ,i-*JI 4ja-l i ,.l 
£3-0 d U mjJ, I J d i r^i ir-i Lj^M-iJI (j-o ^L*^' (j' ' "" Lgjl ~~ Y 

u Utl Precursor lymphocyte "LJjVl i n ojUI }L5_«-3 ^-r^' 
^AiJI dilj^j B . j T- lymphocytes a ^<^ 4laL£ SjjLi-^JJI LOUJI 
j>o Jo_st^!l I (j! j-^jj (j! jj Vj Natural Killer Cell 3 » jj^'l S-kL-HI 

l_3jjJi di j_al^li (j I <-_iJe-J (jr-i i^i V "tl 4jLaL£ Lj!>Ls~ 4 J U i nj 4_Jjl Lj!>Ls~ 

jl (_>^jl Jjl _jj jl 4_uLus_i£ ^JjLjj/J jl 4_c_L«^a CjljLJuL£ ij<UJ (.^>- 4_j_<_uLLo 4_L_«^a 

.^j i nitl Lo Jli- jl j»Juk 

Transdifferentiation or Plasticity &1UI iiirf'iaJt <<jri «Mtflfr 

ai^>JI 0>XJb i^y^C- tj-ll O^^J i (J- ) '-' L -^ij-Ii ^^J-^ - ^^ 4_^£L>-J (j-L_*Jl_J! jLl£LI| 4£JL>. 4_) 

I tiUjj 

^yij sUlILjJI 4_j_£Ju>JI 4 V H 3j_LX-«J 4j 3j_LX-« 3JlJ^3 4_lj^sL>. JiLi. <j-a L*Ujj 

J.I j Plasticity. SjjjJJI S^sU. 
i^jj*! Lj}L>. (^Jl Jj-^ljJI ^yl^. Lo rn'i ^ «jj^-^IIj 3J«JLjJI Sj^Jl^jJI L>L>JI 

fj SJlILlII 4_l^jlj>JI lj>Lk!l ^ 1 ^lL jic SjUlLI 
( v,jVY ) a j j L;>Li. (jJI i2JL>JI cljt ^ tS-L^L^Vl L*Lj}L>. ^ 

1 jSLajJJ !j-J,l JJiJ 4_j_LlL>J1 431 ij LaLaJ i il'i V a r m'i J^>-J-*i (j*jJ^J 

"^jjiJLa jil . (vv) f j ^1 4_*JLJI 4_^j^JI fd\ b>L^ J>=^ 10 ^*JI ojl^j 

3jjjJ di i m j T tfjL^ja _ i_i i ii t 'a, 1^ ir^i ir^i'ejj 4_iL*»J I (jlSLa i_3'>Lli.| L^J Jij i^iilj (jjiji 

- 



U 'n <j\ .<LJLlL>JI al uu]\ u£ 3j_jU_a sUSLI _ La (j^a SjJuLo (j^£u Jc3 Jj 

L^L-a. jl jrp. ^ ij»jjj^3_J,l <1-2jjj jjjo I m i n 1 <jjll Uj—^l (J ^j}\ j»jJI Lj^Ls. jl 
Ju V (j£LI . aju jjJjSu V I 4_2jjj (j-*J LaLu *j-jL«-a 4_2jjj j-a I uuj w j uax]| jl_£>JI 
^_j_x_u_Ll <Lua uajeJLo m£ju>.| **-uL>- ^\ La < n <l 4_i£.Jl_>J! 4_lL>J! <Jj_>u jl ^Lu jl 
j-Oj 'J j-CuLJa L*iuJ Ju9 ^j-l^-j i ii i j-L) CjJl^j j I Uaj-dL (j-u-J *J-^>*I 

«Jlj>.|jj 3ju>.|j a—LLurv. <L-2jjj j^o I mi i jja jl a- j uu ju L-Uaul lijju^j <bl Jl_u 

^yjfcj al I-uJI (jij (^3 2 «Jl jj) 3 j 'i -^.tl 2__lL>JI jf tiUj (^Lc JL-i_a Ja2 3 

i4_iK_j^J| di^l 1 1| Lj^Li. ^1 Jj^tlu jl j£-<U <^Li-LL>JI <L2jjjJI <Lj_ajJJlj3_<_a 
sLj-aju jjj_j-a b^Li. 1 uajl I *-J-9^>- iJluSLIIj i 4 ua-uajcltl I—J-2JI b^Li-j 

ijLcjL». Lj}L>. L^j (_yl!l Sjsjjij^I £j-a^>- ^ I jS-Aj 2j_Lii>JI 2_2jjjJ! 

.SjjjdJI Sjj^sL». L#j jlx_u-o 2JlILi 

?«JUt 4»* ittJt LUail ^ «§aJJI Ujm^JI lUUt 

4_lL>. j-a _ (Jj i<-> ->J1 d jl o « 3 I (j mi d o (j a Cmijl oJuk (jl j—ualjJI j^a 

j-a £-J I (jl r _ La 1 nit 3 «J L 2_j_C j^j>. 

<l_«_3^u_a j-J-CJ (Jj cl -^i>- c - ^ jU r t4_ u - i -L > JI cGL-Juj (^ Jj^l j£. L0L4J 1 'n I" -cj 

.3>LUyi 

j-4-3 t jl j i n -»JI (^ IjLll ojL£ La IjJ-ol LU jU_J (jl Lajl.5 «lili jl J_u 

dcilLi. «U-^aLiJI ajui (jl JSsLajjcjlII 3juj_ill dj i^iljJI tfJUk (j^l>-LjJI £yi 

Ll^-jJj_ljJI (j\j| jJs (J^ i."miIL>. (Jj i 1 (jjlf j n ~ U d t j JaJlj j i U ^ uj al 

j»La! i.~f«i .n >■] i^JLju j 4jLj- j mi <dJI 3j jl^ SJs}LU j! VI . i j .jJL: i_3jl_«_iLI 

3j_lLu3 Sj^U <LlL>- ( _ ;r 3 (j-CLa-LJI 

(jJLjLjj <bt LU e^ioj .iJuliiyi SjjuoIIj JLSLiVl 3 Ah-Ulj 

iSjjjjjt^o j^lL (iLufulj >Ljful LJ j ^ K" (.^>- 'jj^*- 1 'n V Lijlj 'jjj^ >(jj-" 
■ i_i.thJI d ijTf j ^-ri>^- 43jjJtXI j-i^- *LuiVl (jij (j-o «Lijful LllLc jlj><jj (Jj 

Ijuk mtS 21aL*JI 4j_«ij(JI lLoLu/jVI ^ IjujLji Ltua-ju 2 ji^UJI ojuk O-uiJ 

i ii I (_ ;r 3 La ^j,„;t a_iJLJI a.uij^JI L>UJI gjju (jjijvLJI diljJ , JL>JLI 

(_JI jjjjtuj (_^ukj i LkjjJaj I j < j T) j<u ijj uaJLI mi (II (j£. LaLaj i n I" -ej jui.T 
cLlLcjlII ojuk cloajj ! JLJjL_>Jt i iiitl L}Li~ jjjiAj (j-a diaLc d i i r-i V" a L^Ls- 

I- 



6AlUl'6^ciaJI UUaJI 



<Jjl j SjLa JJ-cJ Lfjljj (J^J>-o jL3 (j-o cLiJLi 4_j_c ju>. 4_lL>. jui. I (Jjj-b 

4_i_c.ju>. 4_lL». (jVI Luu-I (jil j 1 DI Ijbk Lj!VL>- j-j-a-sJ aj-jui-a 4_Lu«_a tLa^Lc 

jj>.'\ g- j uu ^ ^^jj (<u cry- 0 g; J 1 " > <>° ^ jua-l ^Labeled 

I (j " 'i JJ L?}L>. (j^j oii-lju L^j t Ij Jl_>-^ Uli j I i d a ^ i "i "i >a 1 1 4 La_) 1 d b 3e rt 

i nitl Lj^L><J LaLu cLojLLiA 4Jl!1_i * ■ — • ~ sz j a Lj^L>- CujuLuj i3juJU>JI 

0jufc ^j_a vr i i u mi 

i_ilLjjj j \t i ^ " Lgj| <L>-jJ ^1 iL#j 4iqjj>J, I 4ju-jJLi _ i < l i"i (jjj (jjo _ jjLjj 4jl!LJI 
MjjjuJJ iL^jjaSu (j^a lj^*JJ V l*j^>-J L#ia «Jl>.|j jjj^jjj ijuju>j| i nill Ll^Li- £-a 
1 <j" Lu j<u>- 1 .i i" jJaj . L^fla LJLaj LJja ^ < t ur^*" L^jI^JL l_ij_<IiJJ Lg_aL»Ja 

4 i ^ i ^ Vl 1, 1 Lj^LkJI (j^o jj| ^1 jjl-4JJ ju-Lp-J iL^J LuL^j (j^ i n" j J S" i n" j 3jUju>JI 

l_!j_u2J lLUJlJ ^ykj t^J i nill uJIj jl j i<> tll I 
LfcjjLU2_a ^jlllj SJJLJI 4j£. ju>JI 4_il^ I juILsu j . J£ 4j Cjju3j (^Ij «Ju Ju>JI 

jLa tiiljJ .4jjjdJI 4_l^L>. L^a tiuj^>. (^iJI L>L>JI jj£f ^Iktll ^^jj jJ,l 

1 1 j" IjjJ i-Sj-i-u iSJlILiJI 4_i£. ju>JI Lj^LiJI Lgj j-J-a-JJ ^^lll 4_jjjd]| Su-usLi. 

^JlII (j^l j^afj (j-u^ulII jl-^>JI J*>\ J-af Sj^sLk iJiS" .. 1 1, 1 ^ ^M-tJI 4j|_iU 
4_i^jLj>JI Li>LitiI 4_L«jiVl ^ jj>J Lc^j C^LUsf 4_ijjlll 4_lj^L>. diljjj 

^ SJlILJI 4_L^j^>JI 2_lL>JI Jjj^u ^ l>^?u J^a *L»LiJI (j^j I joj .SJiJLJI 

4_lL>JI ^ i J .n ->JI ^ 2JiJLi 4_L^jL^. 4_ili. ^s_&f jf ^Jl LI4 j j uU jf JuVj 

I ^J-Lu/ (jlJlj ifJil! 4 'j mi U I Sj^Jl^JI 

(j I (j^i>.LJI (j,^» i Jl>.j djj^s. i il j_<i Sjl£.Ls JSLI (j? jS jj (j? (a^il (j-o (jSLI 

(-3 Oi£.jjj 4-i_ L . < _a 4^a- uul (j-o <J1jJlj>.| Jl^ 

Lj^>L>. 4_u2 (jJiAj (j-a Uj-cSLI 4 1 a 1 r-i V" a Li!>Lk 1*1 Uf I J 1 4 ri I" V a 1 4j*jjU I 

Vj 'LjL^I iiJ^J V 4jjjJJI 4_j uoU. j! m^! !4_La C^i! ^1 JjVl I (j ? i mi'i 

!i_3jJlJ,l ijjuiJI I JUjJ 4i^j_n^a <_jLjj/I JU>-_aJ 
4j j uUJ J-^J i4_«JLjJI 4_^c JljJI 4_lL>JI j-4-C (j^. Jl Jjj/ S mj 

JSj^JI L>Lk 

,>La^>L^ 4j ja^il Jl Ijuk 4jL>.>LJj 




Uaif| i—„.aJI ««fiittlt <UiaJt <yUI «*|t 

(j-u I -i 'a iLo Jljv ^1 i f K l<~ 2 U h^. ^ ojLj jj-aVI (jl _ i^jLUI (_gjjj_c _ filr I 

. LUaji (j-ujjLiJIj (j-Gjj>.LijJI (jdjLLcTJl (j-CUc JL>JI (j-CLiLiJI (j-uLifc (j-° (J^ 



cbjj I o >L£ (jl ^ SJlILJIj 2_iliij>JI jrCUc. jjJI (jOj-L>JI <j^a J£ j^Ij - 
La£ iJj^VI «Lditi] (j-OajLLiA (j^Uii. *LLa£.y I i gflj Jjjt>uj ^1 i n n't VI SjJlSJI 
_ <_3j_)li - 3 i^l i^l Vla Lj!^L»- ^LLa£.l ^jLc 3jJ_2JI LgJjJ I o fi'ia (jl 

.4_LjjtA i aji (_JJiJj 

j' " 

Unspecialized 0 ^ . ^ ^jlc <JLv ^ < I anuVi S^JaJLi I ia J£ Jjj>j . 
j^lc | 0 ^ ; a J£ (Jj_c (j^j^vLJI jlcJLkjj i j^ju (jr-nr-i V"") j«J Lj5LJe-£ jl iState 

Jjj^j Ijj_a-ic.l La^ . I o (j i a J$ ^ U i uj Sj ui "i i U <— l^t J ii" i uli J I <— ll o i iil^aJl 

Sj_j_4j5 «JLiLLujj-jJI aJJt id_i^sL>. «JIiLLjv dlsL-u/jj I j <c j ; ^ 4_lL>JI (Ji-1.5 «JliLi-uj^-i 
Sjju (j-oJ j» I «JlijjLaj (J-Aj L$j ^^1 jjU~tl (Ja-ljij Lj^UtiJ 
I j! 5 . . ~ ^ " " Lj^Li. *Uacl^ al ■ uSjVI ^ lr SjjJill L$JjJ (j-CLiliJI (j^a (_gl _ 
.SjoJ^JI b>UJI Jail 

liiL^yi £3>a Juc j< 1 1. «'j Homing j^-L^j (j! j^ic SjjiSJI LgjjJ La^io 

L^jjJ ^ i a i a ie " a Lj^VL>- w U «J L>a i n i (^ LgJlc I j j JLlc Lj^LiJI 

3j>J ^tH>- '-'-ui-->JI ^J-^JI (jLC-a j! ' ?ll*tl (jLSLa (jJI Jl 2 (^lc SjJ_SJI 

. L^v^Li^sl (_^ S^jLiiil j<u (j-aj i4jlxaXI 4-iLfl-iJI tiJUj (^ j»LSil _aL*jj (j*C 1 1. II 



j! VI i<L1jJI ^ jj uaXI S-ajj-K^a c, i .i j t 4JL!Ll!I jl^JI 4_iLiJI 

L^j| ,j^a ^i-j-II tj^c- tjr&j ' J ih > JI <L*_oij| (j^a jJl^. ^ 1 j j lr Ijj-J-C (jjiL^LJI 
Vjl 1 ^jlr Jl<a 5el^ i2_ilii>JI 3_jcJlj>JI 2_lL>JI Lal •SjjLi ^yip 3jj^>-j^a 



- 



qa jf 3_t.U>|jJI a^Lkll a.b<Lll L}Li. <j_a Ijlij^>o) 2-^jjVI ^ 2_Llii>. L;}Li. 

( _ ;r a-Li (j I Jl-*j VI 4 j m i-v 4jf jua. Lj^Ls. (j a . n" V (<■"< i .i^L-j—uVI L^Li. 

i<U_L*_a 4jj_jJaJ ,_L-». I j_aj J-4J J i<_y*JI t^jLCJI „1 i h ■». £jL>. i.'i J u . n a 

( _ ;r i& ajui (j I Jji (j I K" 1 11 1 JaJia 

L^jLa _ S_Ll«js ^^a _ j_iL>J,l c^jj lil 2_iiu_>JI 2_i£.jL>JI 2_lL>JI 

d jt-n a itLuLalj cL2jjJa_i jjLaJiJI SjJ_2JI LgjjJ S ir-i^Lli_a Lj^Li. 

L}L^iJI (^3 «ijJ^tJ V IjLjfcj .3 ua ua V 'r U Lj>LJJI fljjf IjJl-C liiJjj 

(JjJajLJ (j .' '— ^-JUJ J-P-**^ (1)-* lij ^-ild>JI 4j-C JL»JI 4_1>JI 

jjLjjJ i_fla-ui LOL>JI ajui (jla . 4£.jj_iJ,l LOLiel! Jujt>JI Jail L_obtiJ _ (^LUI tfjL^>- 

llLI jjj .masses Teratomas 2_uLL j-^JI J&JLi i_a >jj 

dJl^j £^L_*JI ^ L^al jJkIu-u^ jl 2_c(jj3-iJ 2->JLci3 J-J-C. 2 1^1 1^1 V" 1,1 j-jLC. 2_iiii>JI 

2JJUI 2_^ jl»JI L}UJI U . ( ov ^ 2JUJI 

L^*_aLjjj jj-a-U lillij t^ji nill Lj^biJ LaLaj sLiiUaa Lj^Li. w LutJ ( _ ? SLI J[a^ejj 
Uj_al Jiiel^V >Uf U>LtJ*J Uji l( _LJa (j^a l^ir LuJl^ ^1 Plastidty 2jjjJ]| 2-L^Li. 

S' La ji><r ^ jf ^ j 1 aj ^ 2_a]Ll «ljj>-l Jjt* J}L>.V! ^ jf J>UJI ^ 

Pluripotency <juIjjlSJI Sj^j _ 
(jic L^jjJlI iCjI jJlXII 2_<_^3Li. tiLtuu 2_ilii>JI 2_<^jLj>JI 2_lL>JI 

CjI_2jjjJI 1 j J a jjJj ^^IlII j <> ua-ua-ie-jJU L^L-iJI ^1 jj| j^j_a^>. ^ U<" ^^£11 jjl_a_lll 

^yij Three embryonic germ layers 2j}Li!l 2_lLlL>JI 2_ ! _ajj > j>JI 
oljjiS oli jJaiyi ^ ajLJLJI 2_i^j^>JI 2 t lL>JI Laf .^jjjjjjVlj 
i4_L^ (_>ij-«j (^>JI g-j mUl L>Li. j^-a^. *IWV ckia Multipotent Sjjuti* 
u Ui~ j! ^jU" ,,i"Neural stem cell jil ^ 2_iJLJI 2_lc 1j>JI 2_iLiJI JLla 
,Js, !2 T u^>L>JI ajui ■> ~c n" >^1>J.I (jJI <ia o^-j^ I il Lal .^J,l b>Li 

^jIuj La^ diljj CjI*LllL^I liJLui jf VI .«JJui^a CjIjJiS CjI j C.ijt 2JL>JI i) Jl4> 

.31 iSU Jj i^inll (^a 2iaLCJI 2 i^SlI 2jii ^ 



'a^claJI'ft. iItII 



S^IujJI 2_uc. jl^JI Lj>L>JI ^^ic Jj . ^ —tl (jjibvLJI »1 U~. , „I j j "i ^JJ ^ 

d fc» A" -»■ CaJIjLs (jy-^J - p i S *" do*1jj C o -cJ f& i 1 Jl>- Qj ju£ CjL l ^SLi mi i n 

iSJLJLJI ^cjijJI Lj>L>JI La! .JLj>.! Sjjl! _ 2 2_jJit^ I ^-,tl 

i • " S il jJLa t j j " ^J. 1 I j~ j i S j I j~ c jj L^Jj-c (jjlL>.LjJI JjL>. I ^ h s&a 

a "* ua-ida Lj^Ls- O-jcj-uafj i_jjjl-4J (jl C-ci jl La j«u i3j>jJljx^o cL>-jJ-> 

JLl>.V L>LiJI (jjiij u ti»* ^pJI S-jjji^JI 2_j_c ju>JI L>LiJ| j_a i_a>Lli.l Ijuk 

. (J r-l I r~l VTl J I jjLili (jl (jj-5 JLt>.lj 

j»Lol <_a_2j d K i"i a j>l i n fljVI (jjC cLiJLjJI cLj_c.jL>JI LO^-><-!l i— j j ~i ttj 

Lg_Jl (j^LbtJ (jlll l_J>L>JI (j^O JJuC J_i^! Jj lrT>Jl ^ (jjivLJI ^j-ds 

a ^ uui\ 3JLILJI S^cj^JI Lj>UJI diljJ JLloj .^->L(Jlj 3-siljjJ! <JjLlL«-c ^ 

Lgjf VI ij j "i -^ 11 C^jj joj ^ Ltaj«J 1 (^jij <j^o j! j»jJI <j^o oJj_c ^^1 j»JlLI 
Ijl jtujii-cJ L$j| J^>-J I ijMti Lj5^-><JI tfjuk (jl JljU i ii ii'iVI ,j^. 4£.j-u±i i".ii^jj 
Lj^>L>. ^t-n'ij i LjLojjl jl Ljl J-J-^>- (jL-^ *l_9— <-u tr^' (jJ^-II i 'i 'l (^ 

,cLj£ 3_cjj_m i inti Lj^LiJ d aj| U ^ d , , ^« ^ 

(jx. (jjivLjJI L^a^c (_^j-II (_j^3l_^>JI (j-o Ij-jj^ (jl ** l^~-N M,* j^^*- 

ij-OjhJLI ^ Lj>L>JI ojuk 2_cljj J>L>- (j-o Lk^a^c S-jIji^JI !uc.jij>Jt Lj>L>JI 

«jiiLilj-p. £yL>- (J^Li- (j-o Lk^a^c SJLILjJI 2_ucjL>JI L04_>JI ci\ i • a Lol 
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jJLJI yt (Fetal) j-sLJI jj-^L 1 Li* 'j Sll 

<U_a j^jJI j J uaU j o r ^yLc SJVjJJ «j^Ij» 2 <i K 
(j^JJ 1 g-Lu j- t - t -a- lU 1 '<*>jlj t<Lj-g. JljJI 4_1>JI di*L>. 

<jrt_i^>JI Lttjjuuz-a ^pJI 2_Lld>JI 2_i_c j^>JI 2_lL>JI 
Jl^-jj j-aLJI jj-^l t>° ^cj^JI Li>L>JIj -2jjj-^I 

(jLa I jJ 1 1 Jlj». <Lcj_ijij j j-jSj J j <li" 

^ I Jl^. I j-j^ L«-£ tilllaj Ijuk ^ 4i>.Vl 

»1 Laci (^Ic 5 jjJa LjjjJ ^1 .Sjc ji^JI Lj>UJI 

( M ) b>L>J| oj^j j^LJI jj-^>J1 S^ujf ^yic! 

.Fetal Stem Cell (*) 



L>>L 



« L}UJ1 JS cy> 




'a^claJI'ft. iItII 



i4j Jl^-jj ^jJI uJJI ^ Multipotent ol jJl^JI SjjuJLa L}Li. ^ • 



^ W a !(jLaj (-7 i>- j I (jl^-a 4JL3 ^-yjj 1 3 'j.* Ci r m j 1 j^s-T < n i Lj^L». w U »" (jl 
Fetal j^LJI j^-L»JI ^ f jdJ 3 S Za X\ 4-^. jl^JI L}LiJ! J LU I Jj-^j-u. 
*LJa_LJIj *l >-9->J! f»jJI L)>L>- £_Ljf j-j-a^- Hematopoietic Stem cell 

a jjb L-£ _ ^LlLa _ ^JtL£ J~^*\ i n 1 
j«J lillju (_ r -*J .t_<Jj_ii!! J. i flJ i ii U ^yfl LaLaj dilj j_jJL1j Jlj3 J (_y^>- 
CjI jj SJI 3j— 3j 3_i tol i- u± 4_j_u_L>JI 4_j c j_^>JI LjM >JI JjLLj 

£t inill aJLiLiJI 2_l^ jlj>JI L}LiJ! jjj 4j1 mi" L^j! jljj .Pluripotency 4-aLJ! 

_ 4j£. 4jj^»-I -3_y>-J - 1 1 (j a "^jLoJ £j-Lj (_jjJ! j^a^l *LLul (j£ 4 i ii li't 

Lj}L>J! I <jnr (jJk La mil ajJLJ! 3 ic ju>JI Lj}L>JI ojufc eLK lil I « r 

^1 i n n'iVl (jic I Jljv 4_jJLc SjjJLi 4_j_c. JljJI J-SLJI lTJ-^' L}L>. j^i-aJu - 
l_£J j^JaJ ■ 4 A l~. 4. t t j_cJj| (J_al^£. jlj-fll (ji^- 3^J>-^' '-tf-'J^-'^ 1 Liajlj '4-£.j i aj 
3jx.LiA (j-a I /j i*C aj liili J£ i jaJcJIj j*l i nii'iVl Li^li- (j-o L^J 3-=»^ Cr°3 I (j 1 uni 

. cLcj_<_uJj ^jjs^I 3j_a I j L ** S^l «" 1 11I (_yL ' . ' I ' a 1 1 1 nitl Lj!vL>. 
jJl^I (jjitj I j^* T* ' <*3-J-«J J^L-J! (j-<JL>JI (j-a 4_LC ju>JI Lj^LiJI ^— 1 ua-Tu _ 
I uoj— ita >.j Lj^LiJ I Ltj-j-C (_^c j_L>J I j ( _ ;r JLLj>J I ^^LkU 4i_&J_a 4_lL». 
La jf UI >l iia lll 4 j i^U. -5j-^-J f sjL ^' C3"*J ' 5 J c Lj^LiJI 

I a^a- u^Vl j_a « Antigenicity» .j ^ a mi 



.4_JL cJL>.j LLL Ji-j lij L>La (jf 
Iji^j i4_i£.jL>Jt j»LL»JI t;r flj Lj!>L~ t;r L 4_ajLuJI 4jj^3L>JI I - 

jl (jLLj_<j/ 4jjJ ^jiajj-a Jjj-' L^j I i4 j r j_>Jl (_gj_<JI Jj_>JI Lj^Li. 
(JjLLa U< a i ^ iT Jl (jjj ,j-a 4_uljj (jlslj-al (_g I jl (^La (_p=J-a 

.^^Ltil JaLUI l_Jje T j ( _ > isjj_all LlLa 



g9bJI pjlaJI ^i'ft, jr\?M?> il^ll 



Graft j f <u a_c jj-UI Lj}L>JI jljJs i ^.^tl Lj}L>. Jjt_a i_a La dJLi& _ 
kJlli^U a_^».U>4j jjJJLI L}Lk!l j»^2j (±u.->. .versus Host Reaction 

1 j j i .i (j^-J L^J jjiaJjUI 1 j_a I JiSLjij i<G_l«_« (jj^J jJa CjI fl^l ua-a 

(>>. 4_l^Jlj>JI J-SLJI O 1 -^' Lj>L>- j_a Lfcljj V 3 «i j mi -»JI CjIjls.^1 Ajui !<Gj_a 

ajjlS £^LJ1 iydsell 3_i£. ju>JI 2_lL>JI (Jji^*J sJoj^JI qh\ _jiJI jai _ 
^£ Liajl j£L! 1 4 i gflj CjSjJI 1 jlslj^a^l j^o JjJl*JI £^ic Jai& (_>juJ '(Ji-Jlll 
^Ll»J 4-u ir-ir jjisljjol L*Jllii ^liUi i Jl>-Ij CjSj (jr cisjJ,l jjjo -5-^ J^^-C. 

rtl'i ^Ul CjLaL^iVIj L>LiJI j* L^-M-C 

«Jl L>}Lk!l 

:&iUl ifmAU <M^t LUaJf £t*Jt (ftAt 

Fetal liver r'V ' 4 j 0 '^ : " ;> V * 

Hematopoietic stem cell (fetal liver HSC) 

L^LiJI tju l^jjLa I i 'u -> a I jJ i»l j uiVI jj-Li 3j>-^-II jj^ijj 4jjl UI ! JljSLII 

fjil a s mi ; U 3JJLJI ^jl^ji L>UJij ^sLJi jj-^ a 'i mi UI a_jjuUl a_^j^>j| 

Lj!>L>JI jl Ljxj*I jl£ 'l iflij.' La <a^a cjLa^Lli.1 dJll* jl Ijj^j ij»Uaj«JI ^ 
Human (f .J ._&) /\ >U cjlJj^t-pjVl L^jJ ^aLJI jj- 1 ?^ ^-^^1 2-^-^ j^-II 
^JojJ 3j_a ^pJI ^ l_aU3 J^f II j^JI j I £^1 leukocyte antigens (HLAs) 
3_lc j^>JI L>LiJI jl Jj ^IkiJI ^ 3 ^ii^U 2JJLJI 2_;_c jlj>JI L>Lk!l 

lolii^iliVl ajui l^ik: jo-jj V Sj^UI (_U-I >LI (j-a j^LJI jj-^l ^ ^ jL ^' 

mJ| jjj (j-o juH (_>iajjJ,l ^ m -v ^ 1 ^"i r Ijj Juc (_y£.l-UI JiaiJI d jU r jLa ^LlILij 

j^LJI dn-^l 6-° f a 'i mi ; 1,1 ajju^LIl a^ jl^JI b>L>JI (jf <i_J^ .cj>Kmi a 

LiijjLj^a_a Injili a 'i M. ui aj^L-ii a-Lcjt^jji L5L>ji i a (.p-ii o^j-f-^ 1 
j^i>j| j^ a 'i M, ui ajjL^Ji 3_lc jl^>ji l>l>ji q\ uLljsj .^u^aJI 

. jJLJI j»Ua*]| (^ij Lajji^ia ^iJI ajtJLJI tllJj j^s J>UJI (j mi-- f J^LJI 



'a^claJI'ft. iItII 



Fetal CNS Stem Cells ^Uijt^i^Su^^i^^i biG^i. Y 

Lj5L>JI IJl^j '"'l 'j • ua_«JI Lj^>L>. (JlLo i jJU Lj^^Li- j-.laj*. ^1 (Jj t Ti L&jjJj 

L>LiJI (j! U-£ 'JlSI^JI 2±JJa LOUJIj 2_ ! _ 4 _^J| Lj>U»JI J o uuj -3 j SjjJI 

j_a 2 ua.ua ieltl,l Lj>L>JI ^LtacJ ^ic L$jIjJl3 jJiij 2JLILJI 2 jj uajJI 2_j £: j Lj >J! 
A j ir^L>. ( _ ;r ikJ - 4_«JLi 4_lcJl>. i^L>. j<uki (ji l_«^ ij— «_«JI p ) SJltl 

Fetal mesenchymal g£l_J( jrU^J 1 0- 4 2u_c Ju^I bit^Jl.r 

stem cells (fetal MSC) 

(jr^j '(^Lul,! jrt-L>J! cL^ujl l_£j jjij ^^Jl 2x.jJlI,lj Sj_uSL!l Lj^LiJI (j-o (j,-* 

2j ok»tl Lj>LiJ^ >a i^i^ V~U Lj>LiJI (j^s jjJljiJI u U «"t ^ l'-. t". ..." 
Lj}L>. (^Jl JjLaIj (jl I ^ Tv «i j ti^v <j»UajiJI Cr 2j (j-a 2_iJLJ| 2_ ! _ C j t U| 2_j^i j^JI 

cLuj j i r 

jj^f Jfc»»N ^ J^LJI (jr^tU d^jtiJI d^cj^l (j! U£ .2_iJI_JI 

. jJLJI ^\ ^2^1 Sjjjvjil 2_j^tiJ| a^j^l Lj>L>JI (j^i jjjSLi 
Sji^tim (j^o (J^ (j^^y < *- il o' ' "J^- 5 L r c: *^ L*^J 

^1 j^aLiJI (j^ 2 j o tIII 2 j r- 'i >, 1 1 Lj^LjJI Jjj_^>u IjJSLaj Sjj-al itlmj 
j! ^ _ <>SLjJL>. yjujii SjU Lj>L>JI I j ij^z. iS—jKjjfc ,-,M ,u ^ Lj>L>. 
,-,_M ,u .tl ^Ij^ol £>|_i^l Sjj_2 " I j j 'a Ijj^j-j L_4^ iGalectin - 1 
S A ^ Muscular dystrophies ^l.^ntl Ji>JI Jlo ^^^Vl 

L^LlAx,! liiiUj '2_iJLJI 2 j o tUI 2_ ! ^ : j L jJ! Lj>L>JI (j? joi-j (^icj 

iHLA II <>o Ijl^. >L_jIaj HLA I g^ill ^ 2 U , „j - ^ < j^|j. L _-^_ L ru| 
I (jl^La j^LJI (jrj-^JI 

^ (j fl iSjjJ_C ,JjvIj_4J (^LUI £jj_JJt 

ojS^i dil^j ^ykj 11-^5 JjVl ^ji!l dilisi V L^jl JLSj U^'24^1 | a t U,, ,? 




g9bJI pjlaJI ^i'ft, jr\?M?> il^ll 



i^aLJ! (j-i i-rlt 2jotU1 4j£.JijJI Lj^L><JI (jl u>^j-^ J-*^?- i£^>L*JI 



^!>Lc. jjfc ^LjJIj i4_itb_>J,l (^LuJI (Ja-ljJ, I ei j U «Jlilj—L-ij ,j-o I_£jI_Llj>. 

2JLILJI 2_lc JlsJI Lj>L>JI L^_ii ^j^'m" (j! (jSUj ^^ill ,_p=lj^oVl J£ Lj^Sjj 

: Lg-Laj Lj-lc. L ^- 5 cr^- 2j^Li!l 

In utero transplantation p*>. jl\ Ji»l j auajl ^itt • 

ajuji jV .sjVoJI jlju jikJi jiiaii v l^i il^i ^Vi ,j& ^3 

Lj^LiJI (JL>.jl^ iLillj J^-»J «-II « j«J (j-^J ' I J "j^l pai 

jjjo 1 n -wl (jj^i Cr^b-^' 1 ^"^-^ t ik-i" I ^>-j-II Ji-lj J-SLJI (j-LLaU 2_lC Jl^>JI 

<bli iSjVjJI (jrt-ic>JI '.n uaj j^lll L&JJl«jj (j^lj-aVl i_3>Lo.| ^Jl IjJajj 

(j^iV i"iU ( _>i=jJ,l S- t lt - lU L^j*Li£j 1 g" j-«.^Li^a (_f Joaj i^^Ltll 5-ajLa-" i nl,l 

' * J' 

yj> nj- 1 -^!! JJC, sLa^ljJU diljji. (j-a L^jla j«^J U, ijj-Cb-Lil «Lili <U£. ji^>JI Li^LiJI 




a^ckaJI'ft. iItII 



CjIjJ-2JI JJjtJLa (_ptjj £_aljj_iJ j-J-«-JJ L^j I LaS" .mJj-^JI 4_i£. Jlj*. L^jl I (j I (Jj-^ 
jajiil 4*j mi i U 4j£.Jl»JI 4_lL>JI jaljijelluil CjVjLxji (_)£" LjjJjjj i4_JLc 4jjiL_>i2jI SjJlSj 

Lj^Li. mJ| i La CjLuj?=_l1uI dLj^I_>J JlS jjL^SLj (j-LL>JI (jl ' taj i uJ i—u i uli J 

4 K u>XI ajui (ji^. i—ililll mJj^j- JlSj . 4_La c-jjjJD 4_icJl>. j-j-C J I < * j ^-- Jl: >" < * J i> c - 

VI iJa^JI <j-a JjVl i±cfcJI ^ uj-^ 2^>JI_m 4_lc ,ij>JI LjMJJI *LkcL 1 j 1 1 „'i 

I g *1 . .. ^'il 4jJjjLj»_a «_a ;j-Lt>JI aJlII 4 S mi UI 4_lC j_>JI (j-LL>JI LiiLi- 4la (jl 

. j»jJJ aiuall 3JJLJI jl>JI- Lj>L>JI (jLSjju iJa>JI o I jJL SJ>. jj,l a ju* 

Jail 4 K ui a (j-a <— ij-^J 1 <j"U -v i4_i£.Lia ^yajL^aJtJ 

4_u^jLj>JI Lj>L>JI «_« Lijjzjj (jrtJta IjJ !J*^>JI (jja (jK m?! ^ iL^I (l>j-ic>JI 

(j I JlSjJ lx-« nhfll") j«Jj CjIjS Lgjl I JJl»-J (j-* '<i'^J (jjll J 4 'j mi i U 4_*JLj*l 

J' 

j»|jLs&l<jil 4 jlo r (jji 1 j J ji^eJ Sjl^LJIj SJlILJI 1 <j j r jJL) 2_j_tj^till 4^j_>JI Lj^LiJI 

r ljL*JLu,l ,>a juV jL^ I jJ . (AV) ,0. jJ! J»|j J>UJI ^ f jdJ 4 'i ,t,;t,l U>LiJI 

U£ 4_cLJ,l 4 K ^i a L>La ^^Uej V ^1 «JsLJI (jrUaJJ 4_LA_ad}| 4_l^ JljJI Lj}Lkll 
4_LC.j_>JI Lj^L>JI (jl IjJlj>.j i^hvjJI (^ jjij *i*JI (j-l-^>- (^ '-^■jj (j^-*_fl tli<il<* 
I Jj^>.j (jK (jlj 4^a- m )Vlj c I ■ a^VI (jji j_ljSLII (^ 3jj^>.jji «-^LJI (j-) i t-II 4j <i tIII 
^ LijLJjj (j^JI (j^LaVl yJI £>1—«JI «J}>J ^W^ 1 Cr^ J"^ * >*J 'M-jB 

Jj-I mi II (^Lm jj_«JL) (j <i m") 2JL>. dJLi&j !4_al ,jJaJ (^ Jlj Lo jjij (j-)_L>JI 

X-linked severe combined immunodeficiency Ly £\ ^m!^1\ ^yk^lVi lUjj jX\ 

(j-a 4_lC j_>JI jSLII Lj^Ls. |>L> V "i i uL i^j>.jJI (Jr Js (j-Aj 1 ^ -v^Lc jt >j Jl£ 

Gene Therapy ljLLoJIj ^iUN • 

j? 

I j "m f I jojjjl LaLlJ Ij^jjl iJIj Ljj^sJ L ^^_«JI (JLsc^a ( _ ;r 3 (jjJL«-«J jj-a (JaJ 
(jjjl_*j isL^cjjjJI 4_jJL>JL! ^ «i m j (_gjJI i— a I mm^VL) »1 «i mil ,j-a 

4 — 4j (^^j-LI ^-J-^ — (jl-SU) cr^l L^H*^' (Jr! — 4 K mi — a 
(jl ijJJj i Cj Lm jj j Ali jjk 4jj_aa_a- " i nj ljjL£ (_g jJI «LcjJlj 1 4 j i <ij-a 

4jLi.jG ( _ ;r J>. (2>jl-^ ^IjL-sr" mi! *lj^>- (j-a (J^l mi a jj-a lijJLjaJ JlS La Jjje-jj 
iL>li>JI «ja ii<jJL=eiJ Lj^ljJI i_xjfcjG (j^j-. (j£LI J^iiJ^II ^) t uy ^JJ 



g9bJI pjlaJI ^i'ft, jr\?M?> il^ll 



(j-aj I j ...Ai 4-2-j-La II (j-a «i -*JLa i L> » j j la 1 1 i n I r u i ^ g_ ui j_aVI (jj^J 

L«£ J i n-»JI Jl_/Ja JJ- 4 ^ 3 CjjJo. (j-a <_3j^>. i \ /j t u flj 4-iJJLij d i n A 'i £^$-<il 

YY • (j^o 'L! J i 'i ■ ^ • La II j Lj^L>- <Ul! JaJL3 (j-u-J £j_uajJU (jl J_u 

J i ,i >JI Ji-J3 <_ y jJI Lj>L>JI dJJj . U S 'a j , ^ aj (jjej (^SLI iL}L>JI (j^a l_c_jj 
jv^' 1 JLij t w A ."j p , j p" i n*tj j p j i uj (j) Lfl_ilg ct^tjtj t(j-L>Jl_i ^ I a a 

2_uc ju»JI 2j-L>JI cuLjj jJia I jj . ju-u^JI ^Jss jlj «~i < U L jJL«J.I L£aJI ->>=?-j 

i LgJ j i^i. V uli^K u< a pujj C^Ls- Jl3j u< \\£ Cis Ly->J Li ^!>L«JI ^^^vLi j»Lal 

SJjj^ia (j 1 -'-" 'J-^JJ iSj-i-iS jJL>JLI Ijuk >_j TjtLi CLij-a£j 

a_j_cj^JI l_j>UJI ^ «jlaofj £-ILjlU jry>JI Ijj^U jVlj . S j— j - l S Vlj^atj 

2ULa^»Jtl Lj>L>JI I jjLc! joj t j j" jJU dlljj .«> ... aj jrU^JI <j-o ^jdJ 2 S .I. i U 

(j! jl i2_2jjJaJI oj-ifc Oajj jJsj .^jvjJI Ji.1.5 ljj^>JI (j-ll lij-^ ^J-^ UJ^W 

(jjjv j-^Ja (jrt!La.l_iJI (_3jji. jf VI < \ o Alu IjjJ UJ^' Jl^-t J4J3JI JiJaJl 

j' 

dilj I jjijvjI JlSj i I o (j"uVj J-*J _ i_)lj-iaJLi LsJ^jC _ (jUaj-oJLi (j^LiJa 1. . w^-il 
Sj_iJa CjJ^vl jja (jjSLj l_4Jj jl i^JL«J,l (j^-^l J n **» U "JU - Ur'l 

(j-a 4jX. j_>JI Ls-jSLjj_J,l 2_lL>- Oul_? IjJ .jj jSUI j»_jjj_>JI (^ (jl-laj 1 n tl (JIiLLljv 
( _ ;r Ll 3j 1 'l ijj- 5 (IV 1 CJ ' a "'. ' 1 O-SjJI ^^3 <Jl!j_^Ja jJa j^LjJI (j1_L>JI 

LvJjjJ Ll3 j_c Lft^ L^jV liiljj 'J^LJI jrJ-LaJJ |»jJJ 3_luJU d_uc Jlj>JI L}LJJ1 
(>L>JI Jj j g ^^3 S*l_fl^ Clllij id" I i^il j_aj j>l 1 11 (i'lVI ^ylz. I Ju>- ^flLc 3jJiS 

' k ■ "j j>l -r hmVIj jIj A " , ..VI (jic I— ^JjJ_S l_Laj|j < I_^jI_Llj>. (jl-J ^JL_«JL1 
'U (_yJ-II 1 nitl Lj^VLi- p ta « a ^1 jjLcjJI lupjJulaj 1 1 j Lu 2x.jj_m Lj^L><JI 

( _ T ijC. JlJJlJ>JI I 11 itl jlj A" , ..VI Jjij IjjJjJuLo j<U 4jIj_l>. OuCjj 

(jSLa-i Lu-ajl i^j 1 11 i II ^1 ^JLjtil j "n i joj (j-oj 'jl "i "1 iVIj a "II 

3j^J iSJajjjJI (jjjJa (jjj ijj) cL».>Lc jljJ.1 mll l (^JJ I J 

^IjjJI L^5c_aLjj_i V 1 .1 a L^-l-i- 0 1 11 i') (jl ^jU" 1 n '1 V tiJIij I jufc 

Ui- 3 t>° O^dJ— p ta «J joj (j-oj i3Jlj_»j j I 4_jjj_3 ^L-jIs- (_gl J_La (jjl i ua ^1 

j' 

.oLj^L>- («^1-^ j' tfJLoiS. I (j k ri l_l (jl (j^O 

tfjLuj_i I (j -v^Lc j taJlUI Sj_jJaaJI «LjjIjjJI (jlslj—a^l (j-o JjJ_«JI tiJLukj 

:L«ia L>UJI 




'a^claJI'ft. iItII 



.Mucopolysaccharidoses djL^< ,„tl jjj^ JaUJU _ 
.Cerebral gangliosidosis Lr ^i\ J_$juLi]l f&\ - 
. Leucodystrophies j_«JJ »1 <?i ntl ^aJaJI J££i _ 
. Osteogenesis imperfecta ^1 ta*JI SLil uut <_p=l j^o! _ 
.Muscular dystrophy (J L±*1\ J!b>JI _ 
Lj>L>JI I 'j-flLJI t>« «WclaJI 2_lL>JI jf Ll>. Ijj IjSL&j 

jj-a jjJljlII ^!>Lc Jlx.Ij J j Sj i u aj j 1^1 j* i^aLJ! ^ i -rit 2 T-ltl jl>JI 

.( A °) SjJ^t SJilj^l ui.lj-.Vl 

Non - invasive prenatal S^V^JI J^a ^LlIjvVI j_ti: 0 ^ V uOJI ^ - 
Lj>Li- <_>iajtj J 2 "i n (j! «Juj^cj J*^>JI *L5f <u! <u ua ntlj ^diagnosis 

(jr-ij V mi "i I IjJ i^i a LJ J-laJ di! jj jjfcj <j»Vl j»J (jJJ 2_^c Jl^sJI J-SLjJ! ijrJ-i^J' 
i. ' I 3 (_^3 £t_Ljj_c ^Ll<_>j jl d_La <— ij "i <i ') (jl UJ- 5 l>° ^-^l l>° 0^-^" O^'j-^ 0 ' 
3j_iA-a Lj^La- -ij^J < *^'^' cLSjjJaJI ojbfc ^Lal Jljjs-jJI JjjUJIj JjojvjJI 
j»J j j <"j J-^*-^ (j - *-"-?»-' ' ^_'N >• 2Jja I i^ajlj i(j^-i-><JI I aLaj 

Lj>L>JI ^Ijjf j_L£f (jL- 3 f''-' 1 J^A>J .5j£LJ,l J^>JI i^jLjIjl-i ^ L^j i^i >. 
3_i_cjLj>JI 2_jL>JI Luk <j»Vl (jji^LJ' L*j^xj ^pJI 4j>_3LjJI 2_j_LujJI 

a^i^>JI LMiJI j! ,MSC a^j^J! Lu£>j-dl dJi.j HSC ^jlU 
<j»Vl j»J J; 1 S a LgJ (jjijJ (jlll Lj>L>JI (j i ii ■>.! (jjfc 2^l_JI (jilail 2_j_«jti!l 

L-g-J tiJI i^i—a^l 5Jj (j i .i jo-J (j-oj 'J-a =><-!l <j-a Jj^l Ccllll ^^3 4j (_^-<fcJ 

U aj V d joj <« LkLjj» ^Ijjjlj t j p AJ, 1 ^^3 L&jI!l£Ij < I ^ jlr i_3jjL<JIj 

.£>L*]| ^ J-^-lill ^IjiitLjVI l^ajLir",,i"i i i<dj| ^ UJ! ^Jl^II jjSLIl Ijuk 




- 
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It MbjJt 4*1*11 

Embryonic 2_j_LjijJI a_uLUj ,„11 3_lL^JI 
2 j c j L» i- ^ Carcinoma Cell 

i . i 'i ^l OJ&J ' .''J j ~^ (j-o i". ik-iI V" < ..1 
j ir-i -^Jl I i^aj ir-i icL_Jj^/l d j I .i <-»Jl 

liUjj^JI jjli j tTeratocarcinomas ^ i , ujj 

2JL.JI ajui ^ j»J>II Lj^U- (j! t 2 ua^ajjeJUI 

l_$J ,jSUj ^^.a iPluripotency t-jIjj^JI Sj_alj 
(jiJI j m ->J1 L?}L>. ^I>il j-j-»^- (^Jl j-jL-«-Xi (jf 

d_j_Lj_L>J 1 d_L-o ajj^>J 1 Cj^LjJ 1 Cj LdJj^J 1 I Ml M 

_ i"j|jJ^_~JI 3j..3j d j ir^L>. J ua-3lj ._ d j ik-<L>J1 
d j I (j "i I « » j»J>-II Lj^VLs. i"jJ^j>.j (jr-^' 

i(jLloj mil (jJj^l 2 (m-»Jl Juu (^jJI j-oVl j-ifcj 



«IjjI 




'a^claJlTi. iItII 



(j-a _ p U 'l I a $ _ I fetlc Lj-lLaa- ' ^-'t!-'- : ? , <J I ' Lj^VLitl! i. . i n-»o (_^iJI 

eJL£<jJj S h ^> Teratomas *j_aJ! L^-g-j ~>< jl_a l <ULc:LLa c.^ » <>.T 

aj^lj-u (jLa ij»jjJI s «V! SjijjLit>s (jLjij^U 4_u j_<jJ I 4_lL>JI 

_ i U S'a 4-jjj j i ac Lj^Li. ^1 «JlijjLaj TERA2 ^u-uLi Sjj_£uj Lj^L>- 

4_uj_j taf Lj^>L>. ^ j i aj (^H-II - Retinoic LLLua_ijjJI i —t O-Uaj— c ij-^a- 

Lj^>L_>JI (j-u i_a^>Llj>.VI I j_^J Ij j i ii a" (jjJIjs.l_jJI J^ej joJj t 2 <^ <^ V "1,1 

I o (j "i i La- "i i .i 1 njLuu^l (j^o La-Aj i£U-cjt.>JI (J'j.i.^/lj 4-ti;U->JI <1_uLUj_<JI 

ci_u LLs j_»^J I Lj^>L>JI ^jJj^. Luljj La^Lli-l dj^~! tl>' ^! iA 1 " ^ (j^o tII 

^1 jjL*l!l SjjJUI (jjj <j-a i(jLLj._<JI CjjJo* 1 jj i ri a (jaSLj (_gjdl 

2_i£.jL_>J1 2_lL>JIj 2_u_lL>J| 2_La jjj^J I 2_lL>J| (jLallieJ lilljij La^jl Jljj 

(jf La^ .S-cLUI i La j " jLoJI 1 ~ i 7i -v I j! ^j^l I jui (jIjJl^j V (>dill t 3JLH_iJI 

Jla UU; (OCT-4 ) £ _ ^olll J^Lc glJD 3_u.u. > JI a_uU=j_oJI L>LiJI 

jjjo jlj a" i iiL p i ii ci a 4^L>JI (jl 0-3^>-J (JjJ i^jJI i<LujJl>JI d_^cji^>JI L^L>JI 

U j^iif L»^ 'jt-ill 4j-uI=JI o-uLL j-oJI Lj>L>JI jj^jj I uaj| .^ AV -' CjIjJlSJI 
2_lL>JI JlLa LaLaj i«JljJljlII L^LkJI ^l^jl ^1 (>«ax<a Vill L^jjJl^j i(_L^i ^ 

Pera, M.F. ^ I j-u nJJlkj j_aVl (jLujVI ^ <j£J .2-ilii^JI j^l 

(j-U-CJ K—i^jJill ^ JliJI J-9^>tJ L^jf 2 S j S - »JI (j^J 
(j-L>- UgJL>. i " i j 1 S'i I JlSj tJ ju ir^ill (j^ d_2laia _ L2-jSj 1 im-'^ dilj iu ir^ill tiJLaJe^ 
La (jLa jjJaJLlJ i ii n't j ir^ill (^ L^jlSLa CjJlj Laj *l^>-J-5 ^A* i'ijlS'll 



ft.rj'iln UU? qo 'i ir V;> UU? 



Laj ti 1 2 C (jr^- Lj^IJ ^— L -^Pj 0 * ^ Q ^ * ^ dil n ^- (j_a ^ fllajJU 0Jl& 
L^J CjJlj». (j » j uaJI (j_a sL*_Ia2 (jl jj tilli (j-^9 .<UUe_a ^ " a j la J (_j-ij>J Jj^t- 0 

( _ ;r ij^p (Jli- ( _ ;r <& <LaLjjJLll (jLa ij^i-l i^i-u^s *_a ^jLjj JLaTul jl i_3Jl>. jl i iu^ LuaJ 

J^i c ^^.a (Jli J-S-^j c-^- j <3^j 4-i£L! n-ij^ 1 .ijj^LjJ,! Cjj>j jj «Jl jj jj V 

^ a nl t p u, Si" V 4j; £ j II 2_lLlL>JI a_uLL j_oJI L}LiJI (jf ■ Lj>Lk!l 

i—ilUeJ lillj (_j-&J • LaLaj ljJjLj»_a (jj^J Lg^ol mfljl (jl-3 O-a-m-fljl (jlj ij_iliill 

jliJI ^ S^iiii^JI 2_i^jLj>JI L>UJIj jLaJI ^ Sjlii^JI a_LiLL=,j-uJI L}LiJI ^ 

ijlj <i" 1 11L1 Lulj (JJijj iLaLaj jfljl 1 .1 (_pljj joSUaJ jlj_L«Jlj (jjjilll 1 1 (jL-ujVI j 

(j^o (JLiL«_«_>u A^j i~,t j II d_ u . u _ > JI 4_uLLsj_<JI l_04-><Jt (jjSj C. j i" mt,l (^J 

>Li£ (j^£3 jli-U a_j_Ljijji 2_uLUj_<ji L>LiJi (j! (jro- l a_L».Vi a (j j j a 

L»£ 'p^* I <3 ua«J d ii 1 r-i "1 1 a itLi^sIjJLa tSj-jJ" 1 u a Lj^>L>- (j_a <Jlil fljIaJI SjjJ^C 
- Laj j ""' (J-oLc cLaLusLi p." S '"' V ajj_i_jj| 4—lJLi-L^JI cLuUaj i 11 II Lj^LiJtj 

L>LiJI JiLo liili ^ I ^1". a .Leukemia inhibitory factor (LIF) La^^JJI 

j_«Jj "-^jj j_jl_«_Iu (jl LgJ (jSL«j (_^-II 'Sjj_<i_jJI d_ L l; i -L > JI d j r j_>JI 

a_^jLj>ji Lj>L>jij a^ijiaji a_uH3j ,j\ Lj>l>ji (>u <^l^jI uu a t*JLi& (jil 

Lj^ _ (j£L! . I i>i_il I o (j Lu Sj-iiiSLIl (JiiLa^ll^VI (j^o jjJl«JI tiJLL* (jl^ (jlj la^ilJjJI 
cL^uIjj Sj_liLo iijLa^LlkVlj cjL^jI uuJLl « j^* (j-a (jl _ (jjivLjJI i_J^2j 
. Iji^. Sj£LjI,I dls^ljjs ^ t;r Lii>JI (^LuJI S^Liii a^jjL^ njLLjjJI 

Embryonic Germ Cell "Wy'^JI 4m*^jaJI <UiaJt 

.Pluripotent 5 j jl^JI 

dil_2jjjj| (jj3 I mi i" ^^lll iI_jJj_2j J i n ->JI Lj^Ls- £ji <i y *Ua£.l tjlc- L^JjJl^ (_jl 
<L2jj^JI _ j»j_jJjjSjVI jl <Llj>.jL>JI dj ij i->JI 4_2jjjJI) 4_iJLlLi>JI 4_lojjj^>JI lij^liJI 

|jj ^jjjjjjVi jf a_^|jj| a_iiu^i a_^yi _ ^jjjjj_j,i jf^yia^yi a_ji^>j| 
LdJi^ a^ aijij 



a^ckaJI'ft. il^ll 



a_iLiJlj Embryonic stem cell 3_lLlL>JI a_i^jL>JI 2_iLiJI J£ 
a^ji^JI 3_tLkJ| ojK jjj tEmbryonal carcinoma cell a-tiU^JI a-uUaj-^JI 

^jjji^I 4j! (J^JJ 1(Jj/IjJdVI Jjlj <LLa <Lu-lL>JI <Ll^ojjj^>JI <LlL>JI 

t ji-L>JI ^ primordial germ cells 2_JjVl a_j_ajjj_^>JI L>LiJI a^Lii^JI 

(j I £ !^>-j-3 (_yJi (j-*J "* "' '"'^ N ; ^ "" "" O' 1 -^?'-'! I-& 1 ' la **■ J Lj^Li- 6 ^ L i?^' I 



iusjSj^JI Lj>UJI (^Ic J.^^ Jj? ^ John D. Gearhart cjjU j_uL <jy>. 

^jj i i .i^l j (jjnoLJJI j < .i^/l (j-u La Ltjl o r I Ajj-lLj 4_l>.| 4_a- i n't t ,j-o «J-Jj^/I 
J ir-i j_;ul_<j/l Sj^Lj .j j" 4_i^sL>. CLs\ "i j i" i ,i a dJJjij i£jj/Ll!l 

ijLai! 4_yijjj^>J!j 4_iiu_>JI 4_i£.jl_>JI Lj^L><-!Li d ^ j i ~,i Lj^Li- "-^J L^JrH*- 

/\ "AS a ualLj Sjjii. «j^I j o 1 1 m a i^>^>o Embryoid bodies 

Lj>U>. (j^i jjj^tJJ L$jl Jil! j! Lj>L>JI lUj U-^ <j-a jjj^tJJ J_jL_«_^lI1 
a — ~-.-> ^ SjLi^l iU;'a j b»-, r. Progenitor or precursor cells at-n.nj 

a <j j , a ,>i ciii j^s_3 ijj . (AA) l>uji sajj^>. j-i^l 
(^ic i2_jjVi a_ys_4Jj^>ji Lj>ljji (j^a a aj .i, u a^-ui^Ji a-j^ojjj^Ji lmjji 

c.in (jrp. Teratocarcinomas a_uLU ^.Ijjf iil ^^JLi SjjLS £>£5 (J 

L>UiJI diljiJ i ri I" -ej ^jkj .a_j_clJj,l a_ajl n 1,1 JU» a j-ILJI jL. ill ^ 

0 LUI o^j— -'l £>l^l 5^ uu V .a^LJi a^c^ji 



'ft.rj'iln UU? qo 'i ir V;> UU? 



(jjl LuLSJj JjU^j 3_L>.yi 2^_ui |>1 1 m -v V I Ji.ta ^tlJ^JI a_ujjjj^>JI L>UJI 

C^>Jj-c ^^lll Lj}L>JI ^Li_»i . L&j-;!^. (jjJ (j^o I lr Jj -»JI ^ Jl£.Luj tl^ jlr 

IjlAj .3 n.^tl LjMiJLi 2^ui LjMi. i^Ia^f Retinoic acid llLujjjjJI o^s^s 

j-iij (jjj 1 j_a ^ U <" j jfi 1 11 S i" iCu i" 1 11 1,1 dllji 1 n I (JJaJ (jl ^jt-<" 1 n" 1 <t<jia 5^ (j' 

L^jf ^ 1 ni'^j 2_u-j^ji a_i^ jl^>ji 4jL>ji ,3511 . l$j ^uji (^Ll^ji ^jaUJi ^ 

j! t 2jal niS'il 3jl^ Jaf L^jLa 2_jlti>JI 2_ujjj j^>JI 2_jL>J) Laf t Lj>L>JI ^ L^li. 



>Lcj 2_lL>JI ^Jl-st" 1 n"i I n £ .cLj>.^Lc Jl oJjJLsoj i^l Jjj (_gjJI i nill 

(jlalj^o^l I uaj_uaj>. i La ,_p3j^o £}4-«J (_jiaJ^o LgJLiol -iljJ <J1jLLlj>J ^Lslj 

Preimplantation ^jJI ^ jry-^JI fjj Jj-s ^IjjJI (_>^Jt_ 

(j^s j! S—ujJLll 3j^.Ij 2_iLi. j*J>.p ^tH>- 'genetic diagnosis- PGD 

( ^ys d o jl i ntl 4ir i nitLl (JIftieJ tLjjji^J! cU_ajjj^>JI <1_lL>JI (jLfl i La (_p3j_a 
i(j^-<-><-!l Lj^Li- Q-a SJljvIj j ir->") i_3j_<j/j i(ji_L>JI (Ji-lj £L_lL>JI (Ji-jjj i(j^->«JI 

^ a oji mi l ajt^jiiJi ><iiij '2 oi. i Si 

.b>UJI 




'a^claJI'ft. iItII 



i d_ j J. i l > J 1 cL_lxjjj_>JI 4_Ai»JI j. J V* i uj I : JJJ--». *.lj-i jl j" ■■»■1 (_--3 - 

(j_a 4_l>-51__ JljI^S (__]Luk ■ la (j-aJ :(jLUj___Jlj (j^'jj-l' £-ajJI 4___lj_i _ 

d j ir-iL>. p j "t JL)li}_3 tiJLufc (j^-J ' ^— I ^Tt^O^f 1 ^ I Lu_3j_*_a 

Genetic ^-.IjjJI (j-jj-JJ! j! j-ajJLi _ ^-JLl-sJI ~ . JLl _ «-Sj-jlj 2 -i j a 
,j-a cjjijji,! t>->JI V i h') mj_l->.I 1— $j (_jj_j5ej 2 j U r ilmpnnts 

0? La]j <t^I 

jjJaJLi i j-ajJI Ijuk cU <_l!j__*j Lij_>. 0 • J^s-JJ Ljjj-Sjj .^^1 4_sr i n'i J-a-a-. 

. L4>j_j-C.j d jl o r (j__, (Jjj i ii U I (j'ia ic1iLLl_>JI ,j-a JiJ_«JI d Ijlg cLc j-a-re-a 

2-j-ajjj_>JI 4_lL>JI f.\ m* i .iLl Lj^LiJI J-> Sjlj^vj-a 2CLaL___JI cllLij-sJI oj__>J 
j_Lj jjJi^jJI JiLx jtl jLfl I jJ . j-ajJI I jjt Lg-La (jJlJj '-<---->■ i2_u_ujJI 

j»L«JI (jn'n i .ij^iijL-uLa 0 ii uu i n a (_-_J i Jjse jtl 4jjjj_3j Niels Geijsen (j 1 1 1 7- j'». 

j^vj j»j_c (jru ^jlajjj Surani, M. A. Cr iljj_-uj i^j-Cj^-aVl SjLstiU cjLVjJL 

V 1 '^ •(j'-Lj-^' LTS'J t4. u , t l > JI 4;LajjjjJI Lj>L>JI ^IjJ j-a-S 
j^fl jjt L&Ji^jvj (jl ^jJaljJI (j-a (jr^' " dj ir^La. LifcLj^Ls. jJLaj (jLUj_<jJI 

L>UJI (j^SLIj _ ^ji^' ^Ltn2j| <J^LiLi£. pjk"' j! JljsJ] 4jjUJI Lj>UJI 

(jl j_Lu J-aljJ i^'j ijj- 5 Lfral 1 n<i'il lSAW L>^ J^Ljj ^uLLj-iJI 

4_j_ajjj^>JI Lj^LiJI j—^aJij i£-ajJI j_La 4_tLajJ w « j • La II jl 1 n U p j dj 

<_H"^ Cr^ Cr^'j-i^' j^ 0 ^' I <3J ^ ^^^^ cr^' 2— tAjSJI pu (j^aj '5_ujj 

. (V) (jLUj-^JI LjMi. 

^ajJI 4jj^L>. ljLlC I liaJ j 1 J flj :3.^«_a^_jJI SjLcl 4_JLa-C 4_^uljJ _ 

L^j jLij (^lll 3 j a-jSLll ^ S-iIjI^JI 2_i_ajjj^>JI 2_l1>JI ^ ^IjjJI 

jl^ ^1 u 1 Zu .1 VI cuLW ^ cujuo (^ill Reprogramming a^aj-JI 

jjjJl 1 L^jIjJ (j^ sLc.j_.La J 1 n (_;-JI <j-1Li i 11 -». <Lti-». 3ljj (J-i- 

JL_S___) (_gl iJ-j-IL-dl (j-a JUJ_»JI j»Vlj i— (VI i-IiLLl.». JL_S_-_i (jl I g j *q 

j' 

,Jji_>-j CjI m a-il <__-j_jeJLI i__)La^L«JI j_*_a jl 1 1 U 1*1 djl orj ! ( _ ;r _ T L_>JI <". o n^itl 
jjLa_LJ Ljl» 

^^-^Jj-taJI Gorge Daley ^Jb ^j>^. j>-5j-]I Jj-2u La-fCj .(j-a-ua V "j 

ti-4_»_jJI t-^-J - La I 'j j mi i_i!Luk (jl i_ijL_jjL4i L-JaJI 4ji_i (^ ^j_-___>J,l 



'ft.rj'iln UU? qo 'i ir V;> UU? 



L^JjJ (jiJI 1 n-»JI t _ ;r 3 3jL_p~jJI i4-tij-C><JI <_i_a_jJj^><J I LOLjJI Jjlj^eJ _ <_Lc 
CjIjJ_1!I 3.5J_«_^_« 2 jjje < 2_lJL^>V| I j 'tl scj 1I3I * a-VI ^ic 3jJL-5JI 

chjl^o (J ~il\ 2JjL^JI ol jj-iiJI *Luf ^ Iju! jjLli q\ uj- 1 t>° <Pluripotent 

j, 

. Ij^-j-o C-uLa (_^lJI Sjjfl uJI cLajtill £-a 

.J^jtil <Uiaj_jjj oLjrP - ^-irHr 1 ^^ ' '^rP^A^?^' c ^^^' (JiF*^ O^" 0 ! 

^IU"n,il 4jf S-jSL^Vl LuIMium ajL^bcj Hans Scholer jJjSL^, jjU j£! 

j<u^ (jIj^j K. Eggan (j^l Cj*'" ^ j^' a ' 5 * a -JH 11 -" ^ o-*^- 1 *^ * 3.'* *■! 
cJ_)_>j <LLa ^jJI cm i" i. i U j^JJ Sjij^JI ^ jjLajL* 2^>_^oLjtij Kitai Kim 
.Embryoid bodies S_L>.Vl a^jjui ^1 .n-wVl ^1 4aJjVl S^ai^Jl Lj>UJ1 
3 g_u 1S1 j>l 1 .i -v^/1 (iLaj SjILa <ULLL> LoLSj iLj^L><J1 y-*^ I gla-l-i 

L^Jj_c (jSU-i 3j^i 2 j 1 .i o. Lj^Ls- 3-Uji^Jl 2_usjjj^>J1 Lj^L><J1 Jij^^ 

ipjl 1 11 (j^* - lS' "jl 1 " ^ .' 1 a * a 
2^jj(_a (j-a I i i*C o "1 1 .1 4_tlujJI cU_ajjjjJI 1_J^>L>JI c(_<j/IjJl3 tdj 1 ni->Jl 
aJ_C <— ll j 1 n t 4_3j_«_aj i4_i_flL>JI <_J_5_LJ(JI jj ^ U ^1 




'^jcjjJI'kjJLaJI 



L^Sjj^j Anna Katerina U jjjL£ Lj| 2ii=>-LJI cu laSL* . I^l^j <jU- 

4_» aU*j <>->.| J~?-" J - I j U VI d jK-j ( _ ;r ^l_Hjlj 4jIjjJI p i " flj 4 _ ;t IIj»_jJI 

4 T |i T Li ? JI a_t^j_>JI Lj^U-Jb erij-^JI 2^_i£L!l 4JL»j.^j 

4-2-jjJa j . 2_Li_ti>J I 4_i_c. j-><J I (j-c j 4jj._3c.il I a lxjt Ljj_a -— ■ Li I 

jj-a 5_i i^-^e-a j— LC. ^-Uaj^j £j--J l-L^^ i4_)jj.__a C__L< __LIj_ Ji l ^ l '*^l 

£j J I JlLjJI Lj^Li__> 4_iJLi 4jjl i n >■ 4_jJ_~ 3k}_b Lgjljj 

.Ml* 

j-jjLill _Lik}__ _ lj_3__a _ J-Z-Ll jl 4_ t -. i i > . _^alj__ J_i_=eJ 

L^_^_a_ij_! i__j__i S, 1 _i 1 a V" 1 1 4_JLiJI 4jJU_i_>JI SkjjJI (jL_ i4j_i 

"-u J 4-l_e_aj.j J I il'^ 1 1 JU>. 3j._LJt I 4jj A U t I (_Ui I j-* J jj_*_*J I 

JJL_iJ J-jI- j__a C__L_> ^Jl LgjJ__Sj 4j 4__aL\_l 4_i_Lu_>_l CjLi_L_»JI 

j. j if>" ij_=__uJL_> 4 jl o r i4jJLaj.__ 
1 4_jl__u_ ggj a j 3 j j L_a_-a J— — L _ d ' 1 4_u I tdj a Sjj * ' ^ J__L- 

4_LijJL>. __J _ p~j— .1 3— Ijufej _ Jj 3j.__lj J—Ji a Cm .lIj 

Jj .^^tl ^.U-, ,„". ^otipotent LJL\j Li__ 4lal^ 4_t£.jLj>. 

Sj_alj Ja-fl-a C^jL^ (jlj 1 I JLjJl—ao 4_i-i_i-L>. ^ j C j a- a 1 ^ j C j a- Likjljj.j 

<_aj »j I a j? «JJ Ljsjljj.j LLa> ^ '« ^luripotent ol ja SJI 

t_<^uij (j! ojV LJLjT j_u ^herapeutic cloning ^^-^LaJI ^1 m m mVL 
^ 1 j " cjL^jI V.^J LgjL»j| ^j-^o (^>^j pJ Lij^jL^ Ljl_a i4JLkl ^Jl j^JI 
a^-t^j Rudolph Jaenisch ^xajjL>. L^j ^Ls 4jL*U 

j^j^-a^l Ltj>.jJji^lLl i ii 3 Mi'LmLa j j » t £jLl!I 5 j j Uli ciiL*j>U 

. Somatic nuclear transfer embryonic stem cell (NT ES cell) (*) 




ft.rj'iln UU? qo 'i ir V;> UU? 




.(Lo (_p=>-o 4j jta) J-^Lk (j^' j') - ^ 




6-i.cS.?JI\iItII 



.SloJill 

.SljjJI <tc.jij_La cUiaj^jJI < .i 4jJ i h-»J1 £LlL>JI JLaol _ "\ 

. L^La- J-Jj' (_yJI p ' " 2 <JJ ' t- <jj i M -»J1 cLlL>JI 3l_aj _ V 

. ji Lj^Li. (^Lcj ^\ ■ u2jx\ Jj^sIjj cbj i n-»Jl 2_lL>JI 3l_*j _ A 

.(3.u-tl>JI SjclLyJI 4aL>JI tiup. ) a uuSUI j^Ja _ 'N 

4_2j| Ua Lilj-la u ti«~t (^jjVl ja^vj (^3 3_pj_jjVl 2 m-jSUI .i Lu (j! La J _ > * 

. ^ ^ I (j ia j^-jj Lalj i,_jisjjj,l jLii! LaLaJ 
.(2jL^>VI Ja^ oJlj La t_il uatl jLiil 3iiLka 3.u.u.-^ L}L>. - ^ ^ 

. ^tlu^JI <Li£. JL>JI jLiil L}L>. t_y£ g-JjJ O^J-*^ y O -1 -?'-" - ^ ^ 
.^Ijj i . i Uf (j-o L$_> La (Jjx. JL3j d-U-Lcv cU£.Jl>. L}L>. _ 

IjLa U U Cl chimeras 2_u!j>!l icj_a^ll 3_j^Lj JLujj ^ gjp La! _ U 

. ^ o j l LajLLa^a I o j L n 
(_L^ (jJJ JjLa-lJl (jJJ i.-ig j 3JjulU S^lji^J! j^>JI L}LJJI _ \ o 

jLiil (j 1 -*^ 'l— i^sl_>J!j d o j! i uli d i r-i i r-i V "i 1, 1 L^LjJ! ,j_a ,_^Ls- (_L»ij - \"\ 

. <Ll>.^>Lc L^lie^ ^ Jua-" i uJ 
(j-SL-u-uLa- (jl (A) (J*s i"i t! ^jJsjj La^ dlal i u j ) ^-j-uajJUj 

j»jJ! L}Li. £|ojf jL».t .Lymphocyte SULlLi 4_l<U 2_lL. Sl^j 
L}UJ! 

iSljjJI tLcjj-La d i j 1 1 j^^a SljjJI OJLA l^iiol ja-J . LjJLa 4_ir i n i" i nU 4_^.Jlj>J! 
d i .i j*C 11 j «L-JI (_5Jl-J^1 JJLa^lJ 1_jjj_2j (jji^aLiJl j»_4-f!l (jr^*- J-a-y (jlJL>JI l_a^jJJ 

S oi) a.d-d. ? Ji a^^>Ji l>uji aji.ijji ajaiiJi a±^i iu> (a_wjjVl 

La ,1 

J^JI Sj^a jJ>.~\ (jJJ ^LnJI ajL^5lj_4_a ^mbryonic stem cell (NT ES) 
(j! i! i L^i»l ri $ '*' ."' ^1 ' " ' iiVL La a? >LaL£ LUJb. tJaii ,1 

J,^ aVl a | jj ,J>LLyi ^.L. (y j j U j j f Ij^Jj Jj-b ^inT! mU 

OJ- 5 LV 0 'La - ' " ' "U "LLajj^/l d m jSLll J^Ja (j-a cU£. JL>JI L^LjJI (_^L. i a >J 1 
^jj^j^. (_jj_Liaj (_yjJI iJIiLaj Mi'itlj <Jljlj_ijLl!L (J^L>JI ^1 i .i i*i t nVl j 1 j i", a tLLuolj^a 




'ft.rj'iln UU? qo 'i ir V;> UU? 



,4-ao-J jf 3 7} i i ui (jjj ,j-a Lg-JI J-^aj 2_Lvj^o J£ ^LlLU 

<_jL) (j-o i(_JjjjJI J* 'N j 4j_c JL>JI 4_lL>JI oj-Sj V liU '.(J I mJ !>LjI_<j/ JjlIj 

jjU , ,,tl j^j-u di t L>. jja (jjSj 2_>L>.^M (Jj(Jj ISd o jl 1 11 j^-CJ I 1 *-^_' I cLAj i"ia '^jl 

^Lul ^^aJ Jljlj l_a^_i ^jl— a_^lj-jj ^^y-Lj^JI ( Jl>J1j j-_j_i_jJ1 d i i n \ (jl ^jy-^J tfiLdjl i f 1 T t 

(^3 <±jj^>u j^Lll -lU^Vt jl_3 j-^>-T ^^j-ulajj .SijjJaJI (^JLujjJI (^LuJI 

jj-a Cjj^jj LciaJl ' ' 'J J c J CiLjfej)-u<J CjJlj>*j JaJLfl i.'i i n *Jl)l_Lj^>J1 

iSjIj-A (jjj (j-o tfj|jj-J i_3j_»_u (j 1 n -»-^U »1 <i jtlj <_j|_je_ljVI ^LjJ (jl j>l 'JJ^ 1 -^- 

ojuk L$j jjjtij jsla l_L& Lj^L><-!I Lo i . Ij^-j-o ojLoj Cii.l_Jj jJLa HiSLaj 

j i «_i V J n_£j^a-l CjLLljv (j_a cLaLal i_y2h La CJJU*J (j I JJjJ 

V j (jiu-jj 1 lj J i i"i_i (Jl! Lj;^><-! 1 1 j 1 a a j I 1 J -ua a 1 Lciajj^o j I I a jl 1 n 1 I 

CHJl^s-I j<u .(J^ 3^ ijr^ Lr^i ^— °J I t-i-^ 1 1 U-^ '(jr"-P 

cl>.jj jjLoJI 3 ,^a l\ j| a_j£.jLj>. LjMi. .Embryoid bodies 

^1 Hematopoitic stem cells ^jU aj^SLo a_j_c Lj>Ui. ^1 di! j j^j 

Autologus stem cell a.^ j^l 4_iiiJLi ^1 jJI j-MjJI j! ^1 i ^->Li Lj>Ue^ 
J< uJI (j-a ^ 1 S^kiJI ^ I— _ j <j a >^^l La! .Jj^ Ij^ therapy 

(j^i>. ^Lljl i—L-cje- T j I j «J Vi 1 nl d lu 1» J^a SJjLje^a _ (Jjl mtl 

£-a (_^s- jl J-o CjJls- LoJi icLV^uLcILa j^c d_uljj 2_cj_aje-a 1 n i" 1 n a 

cLcj o ->J.l lj (j^— ^?<J' u< d j i t" i nl J (i 3 .j-i-T 1 n m 1 n a L^' 

^etraploid embryo complementation assay a_«_«Ji],l 3_ ! _£iLi > II d-ulj^ll 
CD* Lv ^| t chimeras .Ujl-^ a ^ a^cjL^JI S-AiJI ^>LjI 

cLuIjjJI 2x._oajJ,I ^^Lij Ltfiv jilo^ o 1 n" tjr&S iSjLs-lj cLUaj_jj (j^a j^l (j-a 



'^jcjjJI'kjJLaJI 



«u I ui~A\ /\ JjI UjJI i I-3JJJ La ^ LJLll i^j^JIj i^ 0 ^ Tetraploid embryo 
<_a}LLji.VLi <_a jjlj La j! 3 allie a a_u!jj 2_i_u jii-j <Homogenous (^jIj^JI 

( Heterogenous ^ I 

Cj La^ mi j!\ j j flla ^cj (j-a J *Jl)l_i_jj>. (^Jl (_£_}J_i Lx_a tl_aLa_i l_^J <Ldjlia^ 

pai Utl j] I a $ . }L>.| jl }L>.Lc (j^_L>JI SLljv w j t ,i (_3J.II 2_uljjJI 

Lj}UJI j^jfcj iTrophoblast SjjuJU 2-ajjVl L,}Lkj cry^JI Jla; f>-«-iU <^lj>JI 

(j-a i*lj_«JLi (jUjJI JUj ^,111 4j-aj|j^! 2 1 ,1 j<U 2_t>-jL>JI 2 2 1 La 1 1 SjjSLil 

(^LuJI (j-a l^>- Sj 's j U di>.jj,l (j r-i 1 r-i V ~ j j-jl a T) L_-!>L>. JjI joj 

Liajl (j-u_>JI ja-cill ^IjjJI jeJaLLaJI Ijuk (jl Lc£ a j i"iU ^ U < "i t ^^Jji^JI 

L_>LiJI (jl il ^rimitive endoderm lineages ^Ij-JI ^jjjjjjVl L.}LJ*j 

l_Lt>- (_gj-!l ''l-y^- i. 'j 1 'i II J-A I jufcj <(j-LL>JI (j-a <:ljj>.^l oj-ifc (__,t-n" _jj 4jX. JijJI 
.«JjIjJLflJI Sj^lj LjjSL! K-^ljJLflJI 2±a^j_uL 4_i£:ju>JI 4al>JI 
j^JJ LgJjJtj (jl J^jlj Sjus-lj <LlL>- (j-a (__yajjj,l ^!>Lc ^jU" m') IjiJJ 

i_a^iJI (j-a £^>L*JLi Ct l a- r» . Jl3j cLlII jL»jj (JjJU joj lijtiij^v 4jX.jL». Lj^Ls- 

• e^LUI JiAiJI <>a 

(j! (j^vLJI ^^lc: . U s a ilj-i! £ i-i-jj--a ■ ■.•^•j V Lj>L>JI >j-^- (jL-3 IjSL&j 

(^yiil Jl^jfcJJ ((JjjLlII iLldJ cLjitrtJJ «Lo*^Lc j^-i^ (j-a I La 1 j d uuS[ * (_^-J 1 ^" 1 j 

(j_a «Ljtll (j^>.LL»j La_i ^c-AJlX-i (jl ^cjjjl_a^£L>. ' d 3C uaJlj j-j^>JI_i mi i II 

CjJLjjI La (^yl^. V i_3jj-uJ .(J]£jl (J-La (jj-i _j-a ,_LajLllj iii-r i 1 1 dij^slji JLa 

. ljL>. ojJiLll IJlC. (jlj ijLaill J ir-i-»o i_ajj-u ljJt£ i Jjjjvj JLa _j^a 
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i— J 1 (^JL^ij cJ3jJI f.\ — >■ (j^lj 



tf^- 9 - jl 

2_jIji^JI 2_j_cjLj>JI L}LklJ Ljjj! jr^v j j" jJll 
(j_a d 2 i la £ C' i '"i i-aJJ d i j ♦ a Li^l >. £-^3 J 

Feeder djjJLJUI o-aljj 5 ^ ; U ^ ,„- L}LiJI 
^ o uu i j -i a^aLi- Lj}Li. iCells layer 

jLiLI d i ♦ i"i"U d_j_Lj_L>JI C ' i >9> J J 11 l_i^L>. 

Irradiated Mouse Embryonic Fibroblast Cells 
j»jJI Llaj^J '^:y~ J-oLc- jl >aLi ^j-Sj (MEFs) 
Jj>^*j j Leukemia Inhibitory factor (LIF) /\ 

(j' OJ- 3 J 0 -*-" 2J3 d .u_i_L>JI 4_j_c J :>JI 

d-j^jL^JI L}UJI „j^J Lbjf IM_a dUjd 

Lj^L>- (jrlj J-p-><J-l Jt}^*^J f 1 '"' L)' «^«-Hi-<^»-I f 

Jl^Ijj d iijU J < j 'i (jl VI I ijlr i d i ^ i r-i Vi a 

joj i(_^-jl j — «Jl i U < ugJI J^a-l-5 (j-o d_jj — i_lll 
(ji«_a Cm i" i ii a d_j_Lu_>Jt d j r Jl-jJI Lj^L_>JI 



'a^claJlTi. iItII 



L}UJI a'jjt, Ai^j ^j^JI S js>. 2-I_lLU (ja£j t^-Suspension culture 

ij_jj>. (j-o I j* j « >■ La (J^ £j_jeu (_2j_<_u Lj-lLa iSuj^>JL 4_lJLi-L>J1 £LlCJL>JI 
t-ljjji J£ - 4jjjJI 3j_<»j o Jl$3 . d i K-i i K-i V" a L^Li. jjJls. j^Li U«* (_3jjj/J 

La ^jjtuj L^>L>. j<uki w Laju LjUiiLJvj iLIF L$J cLajL^JI d 'j j j 1 1 ( _ ;T -ikJ 

L}U 7^=: 

■ 4-uIaJI iliLal uu^VI jtJjL ^ ^jt^r ^^-Ja <Uj_Laj Lis* Jju (_gjJI j-a^l 



i LjU» o^taad ^ <w_*JI 4*f i»Jt LUaJt l£w j* cH' J*' & 

j-J-C. 2_u_jir>JI JLjJI L>LjJI fjLc . j j "i -^11 ^ . Jj i^i -»JI J^ju _ 

i U i »j dsli d_LoL>. <— il j i" i .il jjLJal £j>l9 'U 1 "" 1 *. 1 I a <Jj— 'SjuLaJlU 

lillia ijul o Ti (jl (jju ,j-a i i U ii a i .i ii 'tVL LgJ ^ a i n_i La-a i^Li. j_c. 

.Fetal calf serum J^uuM jr}-L>. J.^aj LIF 4iLiL 

cLl>-^I d (j j j j»Luu>.^L <-3j-«J La ^l^nl (_y£L! L^LiJI tfjufc i^iT* i n") joj — 

LMJJI jiu JjjIs ^ liilij id j m. M S-iiu». j»Luo-Vl jl <Embryoid bodies 

.j_uija 5Jj ^ i ,i jjLcjj di! juj ii.'i j i" i m U «i^jjJI 3jj>. 
£jjuj l j _y3JL3 (j^. Lg-uo ,3j-AiL3 ^JJ^M ^ gj j UI j>l i .i Jljs-Jj — 

_5^j J^l L^JI • « i uaj j<u Monolayer culture 5 ^ ,Utl c^JS m a ^ 
. L}LiJI jjL«3 Sj^cI i m a L J^. JxtJLj Lkjjjij id-LLJi-aGrowth factors 

(_Jj^>«J i<1_l>.^/I lu ^\ iii-v^l ,j-a Ij—lIL^ (jl 4_jJI SjLi/^L jjJU>- jjfc La-aj 

LaT .(OA, IV) c^M L>U.j a jji^. tl L>UJI L>U. Ljlkb 

L^LiJI 'Lls.jj djUr Lujljjj IjjJ lSAP ' J- 4 -*^ Sj_i>J,l jJLI jl J^al jjJI (jl 
. L>L>JI (j^a S^a^aielU »LtacV 4_lLuj>JI 2_LC.jL=JI 

(^Jl Aj^ljljjJI L5L><JI j.i'-^J S j, iit a J^al_o£. tiJLjk (jl I i a lr liLfl 

I J 1 4 tt~\tn -r' a 

(^jjuai j»J.jJj|j.TH 0 J ^JJj> T l 5 Lj) '3 _ LiL l jL > JI 4jJSJJJ.J>JI Cj^LiJI 

SjjJlj». (_^a ir-i 3 4 j a i»l <Jl! I i j.^ L«_l!l j _a_a_LL! 5 j ii t a jl_a-a |»Lal Lu I tilJi 



„. 



. ! jryjLui cijLSiA^ jo-f ^kjRetinoic acid dL^lujjJI <_>iiA^ -\ 
Epidermal growth factor S^^Vl J^Lc _Y 
Bone Morphogenic protein 4 ( BMP4 ) ^Ui*]! >UJI i j^j>JI - T 
Basic Fibroblast growth factor (bFGF) ^jkiUII ^I^Mjjj^JI j^i - i 

Activin -A I o^^^l - ^ 
Transforming growth factor - betal (TGF-B1) \ liu . J^>d.\ JaLi - V 



aCL»JI 2L2_da «>• J*»Vl ^ LSUj ^Jl UiUJ I JjU^U 5j_ljh^4 <>l>-c,» 

Hepatocyte growth factor ( HGF ) ^gjuZJl j^-JI J^Lc S 
Nerve growth factor ( NGF) ^. .^» 11 >*iJt J-aLc _ Y 

^1 _ «Jl>. (ji^. (_)^ - j-il-»iLI sl—uLaiJI (J^l jjlII ajui 1 j_a Jlj>-Ij 2il_ii>! JulC 

LjMJJI ^ o*U. U jjjj ^pJI j 3j^.Vl 5 2 : . ~, ~.\ ,„->.V| ^ 5 A 1 1 Lj>LiJI 

1 j_a Lcjj ^ L^L>JI ajui jjLu (_j-&J i3j_4Ll «LsljIllII i<Lu-lL>JI <Li£.Ju>JI 

Human Sj^AJI <i>.Vl 2_£_u_i, ^1 , „ -».Vl ^ 2 SI uJ,l L>UJI (jLa 

LuLSlj L>UJI y\ ^ jj£ ^1 jjUli i-ij^ Embryoid body-derived cells 

1 i_3Jl^JI 2_iW VI (^.4 La .j-fl^II JaLtJI t2 ,^ ir-<V"U Lj>L>JI 

tfJJp L^L>J! (jjo JJuejO ^\ 'LiliJI jjL«J 'L'^-.P Cr^ («SLsejJI 

L>LiJI d j uu ^1 LMJJI (j^s jL>JI <^jjjL« Activin-A '- ~A\ 

2 jl,^ »tl LjMJJL (j^Li. ^«upl jl j_aLi ^^13 ^1 j ^Muscle cells 2 A, h »11 




i al uiaJil dJLjjjjjjJI (j 1 lEnolase «j_J_jJjl» p->j-jl j-^j 1 ^ 1 a »^>JH 

LLujjj ^jJj (PJIj Neurons oUj . ua « 11 LjMJcj a a j j r„ L?}Li. JjU^j 

.aj^LjtJl 3 ni^ttl LMitU Ijj^a 

^ LdUU jdUJI ^Jl <ypJt 4*~i*Jt **;»Jf LUaJI J* 

^1 L^Lta ( _ T JkJ i4-Uj-l>J1 tL^.Ju>Jl (jLjij^l Lj^>L>. Lflj (_yjJl 4-j i<-iL>J1 

f_jl£. Cii m i ii U (Jjljv <— i-i I t j j "i ->JL 1 (Ji-lj 4_ulJilj 4jLjj_Laj 

(j I jJaljJlj .(Jj>_aJLj SjjLaJLo Lj^Ls- J I L_u>>- SjjLcJLo Lj^Ls.j (Ijuk Lt£.jjJsj_a 

oL>oVI ^^3 (j r-i i r~> iejjj jjL»jj I flU-»J >_ 1 1 iiLcI,! «(jlSLojJI» jLlo.1 pujJ (j^SLj ^ylb» 

Undifferentiated P.s5 ,^ .^>~-.t | ^^i. jf sj^Lciil a_.J-.ijJI a_j._j_._l 
SjjLcUl a_j_j_a_l a_pcjL^Jl Lj>L>J1 £y> j^j_-!I p >JI _ru (j-o Cells 
_J5__»-I__I I g jJLal 4_2jjJo _JLi_ o_l__ . L_uj-^- 3j_jLi-_i,lj 
(j^>JLi La JLioLi diljij i l__j_.__ Sjjl_«im JJ-_ a_j_Lu_>J! a_tflj_>_l 

protein Green I .u «i j j .u ^? LLujjj w La «j ^_>j . Reporter gene J-.---U 
Rexl ur « JJ1 j j__T jr^v J}Li. (j^a Vj 4W. *jj V I jukj < < fluorescence 

£j^u»_ _U_ Jjlj p_j . j_j_»_j (jl _)_$_ ' L__fl p'"-' u ^ LO->-l (J— -I- ^ 
Lj>U>JI J_t^t_llL (^ukj -j iia a-Vl dJJj dail fl jiij (^jJI Lj>U>JI 

.( M ) Fluorescence activated cells sorter FACS iWalll ' n.^MJLi 

Jjijv 4 i nii 'l «.^^^«iJI JjLfl I i aj I t-i" i nl pupLfl ijjLoiL! 4jI;Uj>JI 4_pc.jL>JI 

^ Human Embryonic germ cells a^AjJI 3_u,tl>JI a_j_a > j > jJI L>LiJI 



aumjmiCLo UU3 Jjln" I l'ft. jj i'iTll'ft. ir V7II LiUal I o-*?<p 



4_tijjj>JI 4_tcj._>JI 4_lL>JI sL^voj 4_tLa-C ( _ > ^iisj (S-^- 4 ' jL^- tiJLLfls j-lLsJLij 

J) U **M t LjL>J1 Ijuk - d . . " t I l_i^L>J1 ( j-a ^j-^-JL^a ^^yj! (J^fc_JJ d-ij mm II 

(jl (Jj£ (j-a Ljj^i L«J^J 4 1 -" a iej 1 1 L^L><-!I <j-a ">j_uSj"l ^Ijj^/I 4-liLi£L> 

LjjJI 1 a ifLSUI (jj>l3 (>c L^vt? t S_<JL=-JI (^Jl S-aLUa^Li Ijuk . 2_<JLiJI 
(3-a 2-L>-j-a (jr^J ' I a r ^4^' ct^- * AHJ-J J-^ mRNA Jju-ujJI 

.("^ 



3^ ^ 1 La cjLu^>JI Jii! jt .Genetic imprinting (^-Ll^JI j-ajJI 

CiLlljjJI £jj j<jl»J jl -3Jl-*j 1 (j j 3 j i£LL_«^o CjLLlj». J^-ju « 4jj j a- a— a-J-£» 
1 t-~i j ifuj jj'v j 1 .1 Jjk -iJL-=eJ ^LlJLlJ (j-a j»l <_lVI ,j_a ^1 (_)-*J '4-SjI U" U 

(jjiJI S-sLusI j| LjjJI 1 ' 4-J o r Jl>-jj £-"-ujl (j "".'J . Lalxa jl ^LaLc 

J^_c (tuJili jLLla ^ jujL^LlLij .DNA Methylation IjjJI ^1 ^Ij 'l jU 

,_}alj-C. jLa Cy JJL»«JU LjjLCa ^ Jjill 2_Cj_a_*-a i<l ma" (j-l^e-3 i(j-L>JI 

^J*! ^jjj Lva ij^J' cr^ <Je_tJt^aJ| Lg-^Laf ^ ifjl ui a^l ^jtVi , „" V mill 
LgJ jsiii VI ( _ ;r ii La LljJI slijILaj / ' (j^sJ! 1— <l3j i_£ I ^ mill (_tt3j 

4_»L«II i^Lu^JI tfjuij (j-a Lalj ^ Lal 

2JL>.j ^ tjry^JI L^j j^cj (^ill 3_jj q_j«JI 2JU.jJLI (^Lc jL_aJL-*j (^jij j <_i^l 

aI 2 i ^ 1 ^ * SjjLala Jjij 1 Lj - iiflj 2_lL>JI 2JL>- ^ lr IjSj i3JLaJaJI 

t ^ w_ 

,j-aj .4_lL>JI jLSLaj 4 j <i ml La ( _ ;r lc 1 '^ijlj 1 'i 'II ^aj (^J-C- I Jl^J .1^ »11 

Jl»-jJ V I Jui CjLljjJI O-a-i^J jt <U_gll CjUaa->UI 
jjl Luajl i-3jj_«J,I (j^j " ^ ^ (j-a-j^Jlj 4_uaJajJI jj^J Ju£. jj^Jail Jj-JU 
JiS L«js iSjjjJill 2_c!jj ,_Li3 jjliij,! tiiljj i<LaUajj d U<i 1 J^==J j-^^JI 
«UcJl^J! 4_lL>JI Sx.ljj Juc (ijjLjeJ 4 1 n ii '1 «^^jfoJIj .(j\JL><JI CjLiajIiJ jIuj 
4_l3 ^^iJI _ < ~ r j <" r . 1 1. 1 4jLu (Jli. ,_LiiI J I i_3^Lli.| j I j^IjJIj ij_£l>J,I ^ 4_ujJl>JI 
(_jjj| jji iS_u«_uIaJI («s^-j-II 2JLu _ 2_ujJlII jl S^lIjJl^JI 2_^cjL>JI 2_iL>JI J_)>j 




a^ckaJI'ft. il^ll 



i. ii ..i II jji I jui jj-Sj L-4JJJ •(j-y— j-ajJI 4— jJU f (Jii»JI I jui *ljj 

^jjij i j m^i <ya i gir ^^i (j-jKJi ^ a_iiu--»j| a_L^jLj>ji a_iLiJi ^Mii.1 

!3_lcjl»JI jtu-uLi 3_ili.|jJI Sj^Lkll 2JL&JI ^ 2_lLi1>JI L>L>JI ^ » , ,t\ LlLl». 

jL_AJI ^>-J (jj-II LflJ ijJjfc—JLll ' a rt 4j C' i m t u a O-G-i I jl tjlj— 1AJI 4-L>.| 
(_JoJ-uj/ iCu i" i ii 1,1 ^Si ( _ ;r lll i-dJj {jC jiall sGljjSLa i afcjcJ *.JaJb (_jjj|j 

(^Llj 4_lU_c j-j-«-J (<u (j-«J j Jail m -^Jl j-aJ-II i l-i <i 1 j— i— «J 

2^j_«J,l jjl .Dj^i_a jl t;r «_Ljl3 j-j-c. JSLA cr'l l?- 5 ' j-^l icrU^' 

Sjl2j«J,I «LlUjlII j-J-i-u ^J^J^ iajJLA Uji-uu ( _ ;t JLl><JI j_aji]| «LlUju 3Jljj><JI 
4_2j^JaJLi qs> in V" II ^1 L^L>JI 2_3j_*_a 1 Uj-j-fljj i^^LlUI 

1 ^"m » I LiAjaLj jJaj .^j-^JI ^j>.iill Jj-|j jjJlj ^jlll i-dJj ^L^tj ^yllll 2j »j Jail 

J'v i"i_tj .4_lLu_>JI 4_L^jJjj_><JI 4_lL>JLi (__^1_>JI J i^-i lili ^ Jj i^-i ii"llj LijLj|j-3j 

^ 4 i^i i^i y "1,1 L^LkJI Jj i^-i -»JI ^ qjiL>.LjJ! ^L><-' jLs j»Lc 

LgJ_a Sol ii" i n^U 3>jjii£ M-W' ^~"*J i-2j-"-u ui _ill <LujJL>JI 4_LC.jLj>JI 
3JL2II Jj .-^All ^ ^j_J I j j 'a . I Jl». (—.j^I J; eu ^ 3_l»-^L«JI ol^-tJalll 
Sj_uS ^palj-al £^Lc ^ 2 aJ-oJLl L^l^jLl 4_lC Jl>JI 2_lL>JI «LsJjlII ^J-jelluil <-fl-i£ 




(^j-iJIj L^cljjl i_al 2_L^.ju>JI 2_tL>JI 

I g_alg_a- " ml j-ik iL&jlj i-ul jj_=e-j tJJ £ 

l_g jJI u^J_gJI liili l( _ > iaJ j )_a J£ i^>L«JI 

, d S j S j, i ^JJ LljJlJI CjLi ifu " i " a (J^ (j t i uJ 

j' 

i_JaJI i^jLiK 4jL>-f (jja ~" A" (_g jJI i_3J_gJI liili 
J£ CIiLjsijVI J^jL»_aj 2 1. 1 j uaJ| j 

i_3JUkj (_^ia_j_j_a (J^ (J-al *l * uA\ a .ja_!l_*JI 

<— il JLCJ 3 Lj L*_a i I <j a"v- p U i La^ ija-IVIj L-t-tjJa 

t£)JJ-il ^-11 j_LcVI ^-^1 t-* 2 4 »j ^ S * J j ^-j 

(j-a (JJLijj ijjj aj <j-\-3-L_j 3*1,1 *lj 2 AJI j 

Jj mj j f *>-!•' 'o"L<JI drj-J 2_ a-^-jJI 

\ £J± I <1jJ I I ijlAll j»^M (j I .1 M 

JL_3 djLjl a j<tl ,j_a 4jj^V| C^jL_£ lijj 

jaJL*JI CjL.al i^i" q| (^rlc Ij._lj_^ I 'i j r i.'.K m 
I i caj I C^jL£ I j|j 'J J 2-aJI joJL*JI Lt^aj ua 
ti^p. i 4j I iia r [j J m*»J I Lj^M^i- (.^ic- L5j.c Jj-aJ 



'a^claJI'ft. iItII 



L u - iljw (jLa I juk <J£ (jL£ |j| lOJj^i- La L^JLa C-cJj^i-J CjjI.5 La L^la C-ljl.5 
(jjtjj J<lJ_j_»^j| jj-a j^jIojJLI jJLieJJ Lkji}JU>. (j-a d K mi 1,1 (_L»J <_a_j-<-u 4_lCJU>JI 
( _ ;r ic JjLaJliJ ■ La £a (jjljJj .d -ijt^^ Cjlj—La^sj (_><ajl (j-a 4£LLa-> U, i La 

Jj-3 (j^JJ i JLm (j^. JLljljj i_<jj.-C. j-ik La J£ . b» A I ~ ( _ ;t jJI <Lc.Llil 3 K mi a 
^pLc ^Jt 1 1 j'j^ 3 jJaJI ^ Jj .5 jJaJ) ^^Lsj £^Lc LgjV tiJI I ju»> 
J ■ ■■ >J1 ( _ ;r a La I 'j j "i ^JL»j (jj 4_lL>JI "'j a .1—3 ^.jI jl ^ j o-"^ 

^ A i_j3^_*_u .^.j>.1 j iAc J-a^. I j^ac ^JLtJ e_aa_i-u J_i 1 ) >^ t ^9 

i-a^-^-u iJj^LtsVI (^LiJI C-<aaJI »1 A mi II LjJ IjJuLa j£!j j«J Lualj_al 

3_uL 

(J£LJ _ Ljj_Zj _ »1 A mi LjjJ d_i-C.ju><JI *LiJL>JI . d—LaJUiJ ^-i^i? Q~' ^ .'J 

jUlj d i n A 'i ^1 JU<-aj>JI 4-JJUk (J-^ j' ' • J -"u>JI JLm^>JI SjJUk Lgjl i«l J 

. sLLc J t "i 'i I j <>-^>- Lua d I «i i» I (j I 
_ Lui ^jjJ^I .«iiJ_L3j liila £^Lc ( _ ;r ik 4j-C.ju>JI 2_lJL>JI)) (jLa t jl irtl^ij 
£>Lj<-£ 2_l_cjUjJI 4_jJL>JI ^IjLja- " Mil {jC CUJUjof V _ J i,-> Ali Ijuk 

CjjUsol (_aa_^, Jj _ tiiljj 3jUJUe i i-i a C-Oj_3 (_5-ijl il - Sj_iiLi_a d_2jj_Laj 
qJ>- JL3 4 i .i A'i J i n -*JI jj-a ( _ ? j(_LjIaJI (iLcjJI Ijuk .£^L*11 JaL *Lcj£ I |j ir 
ij-J^I J I tlr^*J J-a^ta JU3i} ''(j-iL -5a-*J i_a_j_<-u ^ i " A i j , -»J| 

Jj_a^e_a 4j| liilj ,j-a jtuk^lj ij-J^I jl g^j i n't jl j i^f <_L^-I.5 t _y£ gjj^ ("^ 
C-tjLj j J 1 1-< o ^ «Ji^j>.ij (j I «i uo j<sj (j-aj t ^ mi ->JI ( _ ;r a Lajlj mi 7i u £ *-jL > ' 
t_<j>.lijj| (j-aj .(__>iaJj-aU mJj^s- I 5_j^a 4jLLlC.I (^1 sL>.L>JI (*J C> a 3 C U^ S ^ 

J1L «Lcj^ ^^LjiJI ^ 2-J-C: JLjsJI 2_l1>JI ^>l JUa- " i ,il 3 j A j < 2_3 j_j_a Jj_3 
1 1 j ±S <JL_aj><j ^ j A t d | a -^j (_a^u (_J jJI (2r^?<JI La <_3j_»j (j| iCjLLlj*!] 
£L_uIjjJI ( _p3lj_a^L .aj i f> S 1 1 Laj 1 1 (j\ i»L$ (Ji-lj d Ij o -»o £ya i_3J_^JI Laj 

L^j>.>L»J c^aoit^ol ^,111 3>L=l!I Uij .LAli eJi^j ^Lc J^Aj 

1 i^jLoJI mJ^j3-C (jisl Ci i .i tj i2JLaL^ 3 ii^iiitl ( _ ;r ic <_3j_»lj (jl Lil juV I jj 

Jj i3_i-£:ju>JI 2^="^' ejbSJI Ijuk C-jju». (j^. tiL cjjl«IjI jus (jj^f 
I ii jo r Ltjt ii^ I o j'g 2_L^.ju>JI 2_iJL>JI ja^a jua~l U" i n j !M-a 1( jn'C<tl 
4_lC ju>JI <_iL>JI Ji-I J jjj^VI j j i n"i i ^J^J i ^ jj_LiJ>J I j <jr^><JI ^j-»J o' OJ- 5 
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Gene Therapy mLm^L (S^m^I 

LjjJI (Jli_a i^^lj^JI LjjJI (J_4_CJ l_i-i_£^J i a I $1 4_ 3jlJjLj>. 

j£j <juL_iU_cj i2L_ul jjJI a_^jLLg_ll A^icj .Recombinant DNA < » La 1 1 
■ -'l 2 j Jaj L^J tj&3 *J lij 2_i_4Jkf oli (j£Lj («J ( Gene transfer (jr^>JI 

i (j L_jJ I I (J_^3jp (_^jJI i^-il S_j_j_LajJI «jkl jj-aj .3jL_j_a_a 4_jJLa— c 

3a-ajJLI cjLVjJI cjl_aj£L>. La Ijuk.} .cjLLljsJL 2_l>.^L»JI cj\ .U~,ll 
(J^ <Jj-3j S-sl A" i .i^U juV j| 'lSj " i N fj-y^^l Jjj-^-* cr^ oljVjjJI 

t_<J^S C^-3j j-La (jL^ (jjil 1 3 j ua t" i n 1 1 sLjjIjjJI (^^Ij-aVI £^Lc ( _ ;r 3 i* ( _ ;r ^ 

(jjs Jij.^=j o-* 3 • JW^" MJj-^ o-* Wj-*^ 3 L^>-!M-c j_i£LajJI J>j=-a 

(jjj j) mj Vl ^LljJ (lr^>- <-JJ-J (_gjuM j £ i n t l *lj ( __ > iaJj_« (jj (Jj-2-J (j I »1 «l UJ I 

(jjo (Jj-Sl '4 " Ia j «IjLj ^Lj_3JI Ij_^-Lc <Llj»j (J-^~ ij-aLLs 

Uj i tl)^ 1 4_jLc_iHj (jL£Lal ' - ' ' * "- " * tl)' ^LaJLaJI ^Vj-fk jj_a J)^-j?e_) (jL£ 

3jUeLaj Cj\ a i "j Atlj (j^a- i ii^j^/l gjj-i-a <_ ;r J-uLajJI j*\ i ntL£ 2JLI3JI jIjJLI 
(_gj- ui _ i JI jjjjv L$la Ui^y cP"" -ilj-ll cr*J ' '^HtR" Jj— 

a , .Uli a k, ui 

.t u> j^JI c-jjIU tl tjrj^>JI JU.j| L$j iSj^i cA" aij injJI (j? VI .3j_i_i£L!l 

*JI 4 jl <i f ^1 y i! ^ajl i nJI ^j^-LaJlj ^ 7i j 3 ->JI (Ji-jUI iJr it l _y^jj.X\ 

JJLja_a ^ Uj j\ ^ U-w tJ ^L i -a_ L $ t-ij^p I j LU-»- (Ji-^J SLLa .CjLLljJLj 

^IjjJI JL>JI jIjJLI 2_JL>JI (^1 <sii-jG ^,£1! iLj>2j c^jIjj <_ajjji^j 

Jj^j .3jlS_!l^ d A nf L^jl LaLaj (j t tl Jj tSJLj i n i.'i i ii j t d jl il-^J 

cna^»o tL^-M-^al jl jJLI ^jjj_jJI ^ JL^-sl a JU r tfj^jLjj I jLa> 

^jmi tinjJi ijuk ^MjI o^-* cr-^- L-^-*^? L*-* 'a_uij mi r a_2j^iaj 

Ijuk JLi--5l J-3-3 . jMisVI ( _ ;r ic: i_^uLU (jj^i Cr 3 

lilljiJ .3 L 3 1,1 Jj i^< Ali jLa-f ^ ijj^u-u L«_£ Icujjll ^Jl ajL^lIl ^ L^j 



4 j c\ :>>JjVI <Jlll <-"$J J aJI j»lj ic—u i-ul (J_j a ig_ j l-uJJI _jl <> J-L><-!l 

j>l j V " , „I j? Adenoviruses 2_. s. i :tl .-.l ,„jj Ali jf Retroviruses 
iJl<jjl>JI JjjuJI ^iposomes oLsj-u/^JJI j! 3_i1ajJ| ol a j m-»JI 



Gene £*Jt 

'.(JLjaj ^>La- <" i .i a cuLJ ^jjcjs '-^Aj' Cr^ 5 * cA 1 ^' J '- (*4i 

i^i; uaJI j-ikl ... _ 

Lut 0jLLa jjoLgeJ cLcj-i_ujj w 1 fl£ ^^a^sjij i4_t_o.| ^jl ( _J_a^ I Cri i n**< )U3 

t^j" i tt>.lJH «L>.jj jj^i^tj tj-ifcLo a ■ a gcj rt i 'J'^ ■ t ^JJj uaJLa Lt- L it rw 

(jj-j-uaJLa !S (j^j>JI 4_ufcl_a > U . . 11 ■ i_2j_*j V I 'U i ^j*- i J—ljv ^-LLa aj i£fjLj3 

!<jjLljj>JI i_aVT j! <j^m J-oLv i>-=-JI jJjlcl (_g jJI 

J^-lV mi H 21 ^ mj 3t*n i .1 < JJljJ U^j I r«X.J ^^lc Jlj_ul]| Ijuk (j^. 2_|L>.VI (jl VI 

jl_*jf cjlij S ' S ♦ a (jjij L^jLa t J-il , □ ~[\ • _u ; Utl diljJ jf imJjLjlII 

diljt-UjiJI jj_a i_iJj-a J-jL2 0" L ?'-!! (j! L ^-' ^ I^J^ «(ftUI Ijuk ^ ^-i ua-geJU 
J^JJ («LlLl^-jjJLu «Jl£.IS + diLlui^a »(_jj^>- + tj-La- 1 u^VI ^jj_La J^-° ^L^j^* - ) 
( _ ;r Lujj_l *(j;j^>- JJ-U j|Jj>. (J^j fli' i j iJJ^I J I c^-" Cr*^ 3 Cr^- J"^' j' UJ-*- 0 
SJljvjJI jji L*J|jj Ijuk JjS jjij OJlj^-o 0 njt^J L5jLj-5 J I lSJ^J ^LSj-^*- j' J-^' j' 

(j I VI tjj i m~»» f-^jjui Ijuij i^^-i t" U j^jiJ |> j <j ii a j (J^j-uJ i i .i J iLa Jlx ^1 
(j\j>JI jji I jui (jK IjLa -^J>II jj-a ^lieJ iJuaL». £ l-^>- J jj-a i_ijjjLi!1 

t.ljS t" II 1 j^a LlILs. ^I^jjj I JlJ j-a^l jLs ^ njlAjJI j ( _ ;r ij^jJiII «LijjjiJ I juij 
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S^J^ 5CJ tiJLu^VI Juj! La jJlSj Jl-l2-*1!I Juj! V Lifj IjjaljJI (j-uSLc Ijuk 2_l±i>JI 
j'tl j^fl daj ■ n jjjl 4jLa CjJls. I j| j^af i2J_aK j>L>JI 2_uil_a jf 

Jilaj <ul (jl^. cr 1 -?^' d)' 2_2_<_2_>JLa .2JLaL£ 5jj_2Jt,l ojui (^jI V (j-iul L«-£ 
L> 3 J J< -y 'o^Lu j-^. J-"-^ i(J££ m ->JI 1 j j i .i i <Cu1j <U-ijJ?p 3jl>. j 

jjfc 5Lj_a jj-L>JLa KC^Ii» IjLaja 4 j a i n I lmj SjLfljLa La <La_tlij (_JjJj^ iCjIj_<Jl1I 

■ 4 r ii (i 'i UjJI DNA f-ijj-^- ^I-uaj jjJiJI jjj» cjLu-jJI (jf -cr!-?^' ^ "-'J lS^' 

nLJaj. diLa^oLi-a (J»a^sJ 4j| t^^y-ajSj w laS» £-jLjj jJt }llLa ^j-L>JLa ^ i* a 

1 j^aj £jl_>JI 1 j^a <UjG dilj-uLlIl ^^l^, «Lb diLa^mi <L>Jl_*_a <L2jjJaJ J-ajLJj 

(Jj i-lj J «_*J dll Llj>. jL_lILs.| <L^*_<Jlj (jj^J La LJLc. 4Ur <L-2jjJa J ijJi-ljJI 


















t 






















Promotor 





jjLUJI 4jIlu ^ Promoter Ji^Hi 




'a^claJlTi. iItII 



<Gf tiili ^yk- (Jt^^Ij -(^ J^SJI) Introns iijljalioj Exons «j^Li^^i. 

^oding region <jr^>JI <>a j e «-j-^Jl u-t* <^Lij-^>iJlj ! j^-Ij ^i. 

(^iji-a I (j^jj-^J (jjJj <Non-coding region Sj ^ u. a j_uL jLLia u 3"«, 
JjLmi ^ 2_j^<k! V LajLa Ijjj i_mJG L^jT Jl_u <3jJL>JI ^jjIj^I 2JL-ujJI 

C. i ii jtj i Lgjt j ( _ ;r I-L>JI j j j «"11 Ja S a S jjb i-djl juJ V . A ,", 1 1 

L$_&J ^olymorphism j ,\\ jru ^IjaJI O^W^' J* 'jjW bj- 5 V-*^ ^~*' a ' 
^jt _ Intergenic regions ^Lu^>JI jru La jLLLa j-a jL>JVL>j _ dili JJaj 

<Jf!-S 3 Jl -^ 3 ' (J-"t^J 'tj j^" i ' i jl j' CjjL^ 4lu j»j_Ll>JI cU Jjj 

j^^Lj cLajuk t;r Li_>JI ji I j-* ^jj (j-o Sjljvj ' ■ ^ aj 

£_a i ^ ■ ^ * * L^aLxj i m m (_^>> ' L^^-^l CjL1j^j>. l£J^-uiJ i L^-Lu 

jjj^l ^ Laj i qj iLiii-lj J_j-aiLlll 4_jJLc ^ j j j taj ^ j ij a ij • ■■ dUjj 4^jLc — ^ » < 

Cul (J^Lkj t d ri 1" ->J. 1 cLujuJI i_a_j_jJaJI jjsj q a» j 1 1 I (j r >i « ) j^o «JIiLLijJI 

! jJs^JLaj ( _ ;t j*jjJiJ J*\ i"i_i jl ,^>.l ri a J*\ i"i_) >L>- i La i_3jJiiJ £ Lj>.I 0^J>- 

( _ ;r Lc cLc^j i_it3j_lj "1-y-jtj i_3Jufc dJb Jj-i^s^i! (J-«-»J ^L;-^ 0^?" (J^ 
(jjSLj I jSLifcJ . ri "i a jl Sj * « j a j-k SJlJvIj Sji3.J diit^ Jlj (jjSLj j<u <j-aj 
<JLiLLi_>JI j-a J-a-KJ j (j a kJIiLL-sJI (j_a i_aWI i_JS J^s-ljJI J o r 



- 



(^ic (>U>JI (jjl . SLjeJJIj 3_a>l i .i 11 2 'C i ,i (^JJ i_£JJlj>.Ij (j^J mJj-^-^I 



"i t j 11 d j oUtl cL_Ljs~LiJl (j^o i_ijj_«_l!l Ijbk (jl Jl^jI (jl 
^LJj j „A;ll lilla)! j 4jj-l>JI »Ll»jSLII j *Lj_LaJI (j-ul jJa _ CjjI j U I _ 

UjJI Ijuk 2;<i 1,1 ^jj-ILi K,,i<i"a Jiaf !_3j_^ (^jjf VI .UjJI ^j>-«j ^ li! 

. <Ll4j3j-!I 4-JaiJI 4j| se.fl.ua (j-uj djLiia (_j-3 J^eJ jJI 

jJl_lj (j^-jj JSL^i jl JJl-C. jJL Sjj-^i jl _ La J^>- ^Jl - i_3jjj_*J,l (j^o 

^£ j^-iSill Li^la jl ir^j i"i jL>>jI (jjo jjU sb'i/ i^Llsj». LL-oLlLo 

jj t u. 1 1 ll<-a d^t-uij < >^-VI ^ LLa J£ o\jj jjjJLI ^jLj-lII J< mi II Luk. 

u£ 5llLo cAab lili .(JjlkJI JL«£ JLj*-!J ajt-inll 2x.jjjj 2ji_uiaJI 3j5LtJ (j_aKJI 
i ^t . " ^ uji j (j-Wii i"ij (j-tJ^ajj (j-u^>-L>.j (j-ujlj (J-lLulj njLujVI <L>- j 

jjjj Jl^j L»K jJlj ^IjjjVI Ijuk Liajl mJjj-uiS JAuj^ Cjjjiij <( -4 ; *-J Cj£jJ I jjj 

1 jjji^.La .^pIjjJI LjjJI *(j;j^>- ^jjj d^-*^ j-" *W Liajl Li.* !(3^ujIj J-<t>- 
p • J<mi1I) Double Helix >^jf s-^^ «jj^ 3 o' j^l '?•»" njbjLaJLa 




'ijjjjl = 1) ^L-Ct-L^jjD-L) Jjjg (jruijjsJLa jj_jJL«LS^L« ^jruJJbjL»* m^j-j ■ j s» 




a^ckaJI'ft. il^ll 



^pJI ,2AjUjll ^ j_JajJ| u jM ^jJaJb 4j £j.5j\Jtl Jj^jJI i_ijJijJi]| I juk 
*(_gj^>. _ £(_gj^>JI I jui (jj LiLa llsLa it—tj^j-jJLi LZ_uo LtsLpjl ■ La -'j' L^jIj 

(2^c i a b sej 3.lVjJI 4_J ax (jLs i4_La l*j^>- -J-L _jl i d m-aj jJL (jl _ LjjJI 

(jja j&jLjJI (jU't . L^ic ^«i i n 'i j I L^-Sjju (_^iJI (_£j^i-VI jljJjUJI cjIjI or £j_«j>. 

, I n ,3 j mi 1V1 L*^>«j I o ij 'l I V} i(jl_LaJj_Ju J I (jAj]jJU>. .5j^*_a I o ij'll 

j»_j_cj- 4_L^_i_o Lje-^o t L-aLa-i 4jjjV Jj-iLLa-a j j t 1 a JijJj_a f. LLag 

(j-a Ij_lj£ J-tH*- L-a idlal i 11 j tl ( _ ;r 3 4-jLc. Jj I ' eaj I SjlSjjO j j c j 4_sL3jJLa 

.jLlj^P jJ>J lila JjS *L«JL«JI 

1 4 ua 1 <-i V ~ t, I L5L->JI 1 j J o Lc jj t jj^ mi r j (.^La (j-a J-^l vlILiuk (j I 1 ialr I jlj 
(jiaJJI t_y_£jJiJI OjIj LjjJI I jjfc jfj iljj L^iljj c-JS dJUlftj 4_lL>. J£ jfj 
1 1 <a 1 .a Vi a (jj^J La L$ia LOL->JI aJJt (jLa iLlJjJsj Lj^liJI aJJt J-J-«^>- CjIjujjJlLI 

JSj . jJI ... i£>>-tj (j^W^V^ (iL^b i.ilSll cJj^b ^rf^ iSj-^-h Jl ^' 

L4J Ci m-jj «JllLL^v 4j (_Lj_«J Vj iCj LLl>. 4j (_Lj-«J Lj5L>JI ajui (j_a (j,-i mV'a 

cdLlik (jl Lila lila .^j-i-l ^ J^ju L$i£L! ( LOLiJI 

tljiSj mjVl <:Ll1 (jx. 4-1 J)j i 'i a iJllLLjjv j t (j-\J>- L^_l (jjj Ljj^J_l! 1 4_Lj_*_a l_l^Lj>. 

(_L>-lj Ijijl (J a «J V _ (j-llj m-lVl *l— u iJIiLLlj». mJI - I 3 >-j » ' «JIiLLl^JI oJUk (jLs 

i_ij^pJLi Lajij^vj f^Lj (jlc- <Mi« Lj>Li- j! i. i Inti Lj>Ls- j! juSLII Lj>Ls- 

1 n-»J Li £ LjL*" OJ-i^i>-' ^Lll J-j-«j>. ,Jj iLj^L><JI dJij 4-i-uAj ( _ t jLlaj^JI 
Ijukj . Ljj_SLijJ I <l_Li_«^a Lj^Ljs. iia^-a (J-«-»3 CjI—LljJI ajjt (jLs 

l-ij ^-j IlII (jl 1— l! 1 a j j i_u I a_tt_fl i4jIj^_jJI (j^j>JI i_ iijj »j ^1 l_b 

mjI ( _ ;r 3 (J-«-»J V (J-lJj mii^/1 5Jjj mi U CLs\ m^-H jl (j^*-U 4 I il fl ' (^yjL-La—l^Jl 

S^i^jv^a (j^>»-11 d ' " > tj| *(J-a-*J ^ («JU 1 (j-u Ljj.S[_LjJ 1 j»;J-C. J-^^ J ' ^ c 
(jl dil J^f jaJf .t£jLlA JajG V Lg-£L!a Jaju Lljk L^il VI t Lj>UJI ^l^f 
j«jcj [icl (j-^J '^J (j I "1 j I i^ia mJj^>.| SLljvj ^jj 4_«^o (j^J (jl JljV dr^-II 
. 4 I j (i U jj U mi 1 1 (j-u L4J 1 'l mi «n LlLc ^Jij-II tfj-ifc (Jj^v 
jj^>.j_aj C-ijLi SJlJJlj». 4 n m Si a 4_ili J£ ljr £ JlIIjjJ m,jJI (j^->JI I ju* (jil 
SjJlsL^aj «JJlj»^j 4 ijt a (j^Lal jl ULSLa JlieJ 1 Lo VI jji La (j-L>JLa L*lIjJ . LlJj_2j 
jjfc Ljj (J£ (J-ujJj iljj jji lA^*- (j- 3 ! •Ji>^'^ LS-^Pj-^^ Jaj_>JI Ijuk Jjlaj |»LLili 
.(j-L>JI (j£. ljr llLua M,jJI < -gjJaJI ^^-ajJu^aJ 4 1 uJ 4jL>-I ujui (jjSj JiSj i(j-L>- 



LJjJa cmJJ^>JI Ijuk Jjuij jl LJ jju3 lilj t Ju^>JI L}L>. (j» 4-lLs. J£ (^3 liiljj 

j S[ 1 ntl >■ : CjUj^La 4j^Li ' fljl ""' _ «LljJI Sj _ 3j jjj-lIIj 

. 4_u-lj>. jj-i-jj SjUcLsj Cili 1 "j aJI «n_gj_j>-j ■ " *^l gjjJLa ^ . ..1 ^ A-tl 

j j S j_jJLjJLI Lal 1 LjjJI ( _ ;r 3 jjLjjIj I JUlj Lajl.5 C) La-i uj Ilj j5> 1 gJI 

<±J = (jl^Lj-jJI 1 I = (jU-S^I) JUcIjJa £Jjl I |ji aj 2_ u - i _ ^ . Jj-_i-uJ I SjUcLJill 

Ijup iitiS'i 2JLL-uJI (u^>.f) acljl j-jjVI (j^a L^jLaK j^^Lu <j^jH Lj^jJ 1 

4 1 miI mi jjj ojjjJu i4jjj_jj>-j djljtUj i d «1 t u/j 4 «1 seJL (jLjijVI 
jj-a CjjjiCj <_Lajlj (JJa j I iSj J-Jjj < £i_J I aj (jn-J^L) Sj^Lj ,j-a 4 jU 

jjIaJLi Ijuk *ljj <j-a£jj .i_aju>.| 1 t-iii a Lkjjuc. *Lj-3ju». cjl.5j_.La 

Uj-iLj i_L". j-a j_»J luj-iliC i-JJUj jj-a^/l CjJuZju I <iK'«, i,jJL>JI £LaJ___ 

Ig 1 .1 Lk*ljj SjiLUIj 1 4 Uj 1 uj Ljjl 

idil JL_pjjJI ojuk ,j_a LjJj_2j C_jLjj _J. se a i_*_uj_ __jk _)_l dil i_i -»JL-- 
t _ y SL5_5 i(jr-aJ (JLc. JUaC __L_s~ LjjL-^ j— u£L!I UjJI *(_£_)-»- (J-»l_ 3jj__La J_>.jJJ 
is- iSjl^-I^j 3j_>-lj I j » aj>i ' (j I 1 *\ jlr (jj i*\ U LkjJLc __3 L*-a Lj-al- " 

jj-a '/.0 _ T jl JLia . U S 'a J i Ljjjf Jua-" 1 u a L«_a I j » -1 a- _ til! jJLa _ I j| 

jj-a J-Jj-a ^p-a Jj\^ (_ya Ijjijil d 'v «1 1 .1 dUtjJLii VI juk La j_lj£UI 

IjUkj .(^jiuiJI 3j_lj£ <_a^ ( _ ;r i 3jj| iflirc-JL^ t_iLj£JI (j a au (Jj-2j LjiC 
j_t>JI Ijuk (J < >"i" (jjJI CjLljjjJI (j I tiJjJU LUjijo (_^JI »lj mi^I (j-a j^s-T >(_j-<i 
^ajy 1 11 mj I j" a-U £-a d 1 11 iLa_La (jj^J (jl JuV /0— V UjJI (j-a ljU>- j J » uaJI 
1 t-iii mi d iiU i a (jjia . 1 t-ij 1 .i j II mJjLj-iSLJI t^j^j_lJI j-ji^- uJjui-l *LZj^_Laj L^lB 

3 jl o r L5J ^jLjj 2JLaL«JI oLLljJI dnjj ij-i-lSUI UjJI 2_i_alj_UI LjjlII 

4— ul j o j £ CjIju^j-j it-iii a <jr^><-!l o I (j '* J ^' j * a '(^r^TH?^' J—i-i— 

sbija^aj i(jlj_L>. idj^a- £ ^^^-»^ mJjus-I »lj mi I Ljj£Jj i4_L2jj_i^j 

(_yg-a (jjl 'J » "'Jij (jjuej 4j ^LiCj i<lJj^>. JJJU La Jilj ^Li_a ijjjjGj iSljjJI 
5<Lajj_»j ^ ,j-aj UJ^' (J-*^ (^A^ Sj U j mi 1,1 ^JJ-ll t_xj|jJ>- JU»-I 




'a^claJI'ft. iItII 



j-i^sLulILi Lfel O ( n (j\J>J1 J_l * ijJs Cj\ JlJJO-LJI (j^a O - ^ 0 J^>-a-i 

j f ; mi a j <_j I j i t o < (J_4_jlj ^ _j t Regulatory elements 3 ok ;1, 1 
»1 aUtl LkjL>.l diLtjLnJI oJlj^j i ^ i u a ' j jj «"11 (j^?>J' <-j LLajiiJLo 
i_3 j_»JilJ ^jlJt li uu <_jI jjVl (j a ^ <j^ Genetic Markers <_jLa}Lj<-£ 
(j! L^JL^-j oj^La (jry>JI Jj-c- Op" ^ d>^- .'Hj 

La_^ .oIJljjo-lII < " i |j c ta * (j-a I J < ta * * (ja£wU ^^Zi-J 1 *J1)L»_iLLjJ1 i_ajju 
Ijuk (jjj ''-y-^W (jr^ 0^-?^' lP" ^ J I o r d o Q a Lgjl 

4_jJ! ^Jj «Lili JjJlj>J1 j <^*tl ^3 ^JLjj^iJ I jjjt'itl 4_lLj_*J ^-tla *" C-iJi^t-i (jj £-^LljJ1 

. <>jj-«J j I ^^LatU «. I y-u (j-^>JI I j-* 
jj_a CjbLa JJ^aJ ojjia jJL) 1 <j 1 <i < j a CjLu_>JI Jl^lal (jl i_3jj_«J,I (jjOJ 

La I 1 J^cljJLll £jj i_aVT djLjiaJ jus-VI j<n jtl J i( JuC.1 jJill ^1 jjl {ja} dll JljjjIJI 
,j^j_a >_ ,i,„j ^ila I j! jft». ^jfcj , J^|j_2]| <>a £jj ^jjia djjla j-Lui L^J^Jaf 

^ Lbjjf j-^ijj LU-uu oJJI jLa L»jhj .Duchene muscle dystrophy ^li^. <1l 

<bLx_jj-d jji <l -^ £ - <-3j-»-iII nj' '(3^* g^JJ I La tj\£. i_3jjl!lLI SjLiil 4 f, Q a (jjj|JL>. 
jj-Lj^Li 2j^Li (j-u (j-a (j-L>JI cr^- La3 r n J (j-CL>.L±j| {ja (j^-3 L*iIjJ .^Ljuj 

(j-L>- (J^ (Jj^*" JrpL-^— °J ^iLa^L^. Lu_4j <lill jj^-Ij H jLX.Ij_aJI {jA ^jj ( _ 3 Tijl_aj 

diL»jLllII d Jl^J JllLaj . L^Jj-C (_fj^>- ^^lll CjLu_>JI «AjjIj (jjSj jKj CjL»jLjj 

i3j_tla SjljJl». SjJl^j! (j-^a TATATA L b bj TAAT ob 5 0 tx ; 1 1 oIjljj^lLIIj 

£ya (j^. jaLjUI C^lsLalj 4«_iaL>. ^JJ-^I *^ J - L £ i 3 ' d ^j""* 3-iJ^aj-*-" fi *-*-I jj-^J Cu£La 

VI Jaia 1 ijlr Laj jftlaC VI j-^jiJI 2^JJ>J. »1 <iUII (_LJ^. (j-a La LluIi i." < n i4^j^>JI 
.oLu^JI aja i-flj^ ^sitljj i L jJI I j2a ^si«li j I 
jjir-iLcVI Ijuju icLb^c ^ (j I LaL iJl^ j-jL1!I itGl^j LjjJI *i^j^>- (jj 

jjUu V (jin n (II (n_Jj--><JI Ijuk i^j^Lij'n i uli jj Jj (_^lJI i fiii^ilj-«Jlj ^LjjJIj 
(jl (Jj_3 (jjl "i i iMj ''^-11 i-rJukj-J (jl "^-i- 0 I S j i"i Jj-J (j-«-^ iIjjI IjjI 4jLCa 

ij»_jjj| djLail tlijjj tiJLufc (_L*J iV j»l (Jj^i-jJLi 4J ^ a i m j i n (jL^ (jl nJjJJ i^ji-JiJ 

£jLi- ^ 2_a>Lc njjj (j! jjV VjLs >L>- liLa iJjLoj ->L*_j^j (j! tuk. 

j»JL-2j (jl i-r^*^ (J^^ (1>^J 'L)^' (J^^ L)' ^jt-l" "i J 'LiLl tfj— J-=eJ <1-_lL>JI 

(^ (j->>Jt d i ii rVi OijjjJI (jr-Sj '''-'-i^ (j-^ - ^LSJI J < jjj 4_bojk juJsjjj cULsliaj 



I lULuk j-jLH! jl LaJ ■ J\ di! jj VI cu ^-j-lj }La iSjLjjJI ,„) j»J-c 

ja-C-J a ka_* i gj *r ' ih j t 4_lLj_c (_^-*J - (Jj^s- J-ILi 'U ^ o i n La lilj . SljjJI ( _ ;r 3 

t_y£ u i fi \ cUl_3 — (Jjua-I ^sl 3^-^-1 Ur'l J'-'- :>, ^ Lr&^ ""^ ^ J^-P ^-d^ ' 

dlaUe-a LaJl^cj^ 4u-i_jljJI Sj^SJI oJUk ^1 J i '*( jr " (jr^- l£>^ " < *-2i>^ 3 

(jlj «U^aO Jj^?e-CJJ i(_|i.JJJ (j3_j_3jJ1 ^J^oJJI »1 mi»!! *Jl)l_l1^aJ ^""i" 3 . L5JL9 -1 »1 utiu 
^1 _ 4jx. I i Cj _ I jLfl-La ^ mflj Jujej d l-r <"i i n a <Lauj-a SjLJuVIj ^>Lla. J-°^l (j^ 
(jjjLaj LT^W SJi^J j'j-^j' Cr 3 er^' Lj^U' *L5j-^- Cr 3 '^JH'- 0 6'-^-° 
4-La u i >i 7i\ (j! JlJjj i^jJI (jLCJ.1 ,J}L_a_jJ! *L5j-^' *J a ^ -^J 5t-3>^>- 

cLiljLSJI j j j «") ^jt^ i") <JLiLLi-jjj_i £-« jjIjJI Ijuk JuaJu j5jLix. . 4_Li&]L.a a 

2Jsj_>j cGJLjj/j taiUj i ii li'i i .i m ^Jj-J 4-Cj-t-u (_^aj iSjJL^sj_<jJI OJjJj 
2_ij LLaJ, I 2J1_<jijJI ,_Lauxj J-*J ijj-^j-" LljJI ^>=tJ jjJu-C .jj_9j-uj.il LijJI 3jj_i^a 
JjjtAJ tt-ijIUU jrGjjjJI j&a-j-u lijoa. Yj^Li j'n 1 1 1 1 1 £jLaJI ^1 

5Llaj>- I ii j 'i I 1_Lujj-i (jjSj i_jju<iij d jl o r dJ lijJuaU (jjSuJ (j I 

4 fl-iljjJI (jjSui 2 .j 1 U 1 1 3JLj/jJ1 cLj^jJJ I S j taj • £ ^>-j (_La^l (^J^- la j lSAW 
L^>.jL>. j! L^jli <jL>J1 (Ji-b Lal iJjljJ,! (>G_jjjJI Ijuk L$j ^j2j (jlJI 2 l U 1 1 

(jl w S . SJjJljlII J i n-»JI Lj^Ls. (j-o j-a» T J^jj <j-° < *^4 ; *" Ur 3 ^li Lj^L^aUI 
2 i^LaJI cLSjjla i. . i .i (JilLflj iS^jLa S-jij.^ CjJlj»j dK Ijuk (jl (J_o^l 
^jjj J i ii ->JI (jl I ialr IjLa i (j-ajV CIiJlj^j dj| ^^jijtil S-LijLaJ,! 2 'i j j 1 1 j 
(jlaj^/l (jo cL-bl i n U jl J S rt (_£i t L_J--a Lj jJI ^ya j-j-ajlj ^ (j^iLa £ 0 * (jr-^ ^5— 

.tlill ^ La- j i n jJj-2j !S liLai (j n a i"i t lj 

c-ij^jj li (jjSLj (jl La- l j y j JjV (j^aJI J« rit ^L^ill ju-ii,! (j^jj—jJI I jok 
(j-aj (_ r ii_ilaj (.U 3 - c *-' £ - g-^J i-j^j—iJI IjUk (Jia. i^'j ' ' <~*J pjl i » 

jlj| (j^JJ UI I jLjk jl ^^aj a £x&Jj UI Ijuk (jl_i SJIj .,_p3jj,l (<u 

jjjf jrtJjjjJI tiJIj (j! j! t 2 lijUjJI *bV <_!_oilailj 0 < jjUII (^JjC Sjijlj t-iLj^SLi 
^LilLlJ pjl i .i juuc cU-i^jj (j I (_Ll-3 (j-a Ljj-^i La^ J I ^ *— 'W-*^ 1 

J£ t 2 a-iLuj (jjSLu lJzj-l* Lfri J^oil 2 ^jU^JI Folding cuL S-J^ 

_ i_3jjj>. _ «JllIjLu^j J-jLlj (^ Lu-ul_<-ul ^Ua. tiJLuk (jl i^oj-u (jr-" 1 ^ ^ (J>^' 

. 4 i nii 'l (jrluaJI (^ (j^»SLj ^ ijjii->JI ,JiaJI (jl (_£l l( j^aJI 



(j^j>J LjLjj LstUla <l)j^~! w ^j^j ^ tl^jj-^' o' '^1 SjLiV L jl>JIj 
ptx. ^ jj| 4_2_>-S^>JI 'U^?- j-» j-ii^! LuL^j L>- " i a j-Jsj ijl^-Ij 
(j-a j-l L'? I d «i "^j-l! LjoLj 1 j a';! tAj i -> 1_> Si! sl^soLlJI cjI_Lujj_jJI 

Ijuk LjJ ^-ua^j Lv£ .CjI_Li^>JI qs-$£ ( _ ;r 3 Lj **juJI (j-a |juj_a ^ A , v>j La-a i JL^-lj 

(j-a 4jj_^>o La ^^LtlLij i LtJOj iaj (j"'J t II cuj V LkJL^-j 4_jJL>JI (jl 

Cr^ Ij/^S ^^P* V ^Ij idil m"^JI (j-a (jjj^>.VI ^a (J-4-»J (j' 4-"^*^ '— ^P/ 
j»La^aj| L t _ L a- r» . ljJLa_*j (jlj i"tcLa^>. jl (ji>^ UJ^J (j' '^^ C -J '<-U}-C. 
uj^a k>j^3 ja-'JO UJI 

VI La Luk .lUoVI 3j*3 (jl ,2_iiitil (jJjVl SLAill j_La Ujj_Uj Lkjjj^>- 

LgJ £j_a_jj (jjil jjU'tl (j-a d_jJL*JI sLjvjJlJI (JjG (jr-*J '3 j A jlAj 3j_*3 

' O a * .' ■ V ^"-"U^-?"-*' (j'V J-^^lj (Jfi.LijJt £ *-^-J-5 <— J-S^3 I al^'^ i(jL-ujVI 

LkjJLc (jlc liilj (J-5J Uj_al JlZ_*jj U>jI jlj ij < A" La C<SLj I ifujj 

.jjU"II jaJLu 

3!M—a_»JI *^jj mi U J^^L*». (j-a LjjJI 3 I miI mi (j-a »1 g ~'iVI J_*J (jVI I i air 
CjI m -»JI jl CjIjjjJLI JJL-C (jl «t_gj mi t II ^j-LljJI gjj mi a» ja^uLi i_3jj_»J,I 

J-**sj) "LiSjj—a T • ( _ T Jlj-^>. (jl ui_iVI Lj^I i. (j-a 4_tL"». ( _ ;r 3 S >j >.j 1 1 

i^i—aJl 2jLa ,j-a _>-^' j^P ^S- 1 ' 1 ***** **_' (1)^ -"'l ' '**'*' * J (1)^ J^' ^ .' 1 "LILi 
JJlX jj-a (_Lal oLLljjj jJI c LbjlJ (Jj£1j i— i .i Lj| illlj aj 

« ju>-lj (j-a jljs-Ij (j-Gjj-j» <Jj-2j c^jLs (jUJI *ij^ t-i i II (jLj lillj iCjIjjjJLI 

JL>.|j (jOjjj ^Lj| (j^>- (j-a j-J^I tiJlj_liil i.'i j" jJia 1 1 |j" se i a '-'-P 
^^-"1 (^r^ j<ukL-u (_gjJI d -"Ai (j-tjJI jj| Lv^ i<JLaLCj_a sllaLs d -* 1 J loj i_fj"i 
tiJjLfuJ (_a^_<-u (_g jJI 4 ...A. ^j^jJI i3jJLja_a 4_A_jIij mJ*5 (j^jjjj ,j-a (J-aLs 
ijyijj^ (j-JJ^J tiJjLfij (5JJJ-! (_gjJI jj-l (jAJJjJ *mJ3_^. ^LljJ ^ 

(jl J_u .(Jj*i*l (j-Gjj_jJI 4_A_jIij jj^. LaLaj 4_AJLie-a 4_A_dij <J 1 1 aJb-Se^a j-^-J 
(jlj i JLjvIj (j^>- (j-a jU-j 4jLaLs d A jlAj (_g"i JU>.|j (j-Gjj_j f-"-*^ « 'j-* 

. lo^. >LJ*a I juk (jL^ 

*Uj ^ mi ,j-a tillj jlj oL-ljJI uj-ik j-a-c: "LSj^IaJ I ^ a $ '°\ jlj LaJ^ liiljj 

^1 ^Ij-aVl dUj -^-iLcj ,oIm r lb £>L-JI 
.tfjJJL». jj^a (j'sjJ.I ^"M-C ( -? -i-*J ijajJLoJI (Ir^-*! I jijJ C^JjLa~ Sj-ita 



(j U Lu» (_u i n llj .((l_i.l-l.ilU £^Lc JJ» (j '" (I)!" «-LiL^I J>^d 

(__3 OjL_> . (j-u>JI tr- <— JJL^>o S_pJ_o Sj ala jj* LjJLc. d_Lj|j^JI [_yc >\j—a*$\ 

Sj_<iil_j_o t>—>JI iExons <— iLjj -vj-jJLj i_3j_*j La ji *j a aJU (j-laLUI 

tfju» OijL_> (jlj ij-tUi (__j!jj (_K>J— ° (.j-Il i-Uj i^-il mi Se a J 'C ifuJJ 

^1 (jJaLUI ^ iLjjdl ih ^ j! Sj n mi U >j-c j-I-W u* <-jIj— -I-JI 
VI iL jl_>- (^Jl (jjlSJI ^ jjJj V L-^jLa Jntrons i_jUa±i.jdl u o m" 

(__3 O-jLiC (jl I a i .(jj/LiJI (j-LJ (lh?L-j_i!Li *J L-a dJJjb i_Jjl ifuj 

^ dJjj m 1,1 j Promoter J; _J,L_? Regulatory elements 3 <ik;t,l jJaLUI 

o ju» (__3j t JUs. I dj j t mi j (j I (jj J (j^o 
j_uL La Jj-». LaLaj jiaJl! d_l_sV 2_Lxk>j_o ,_p=lj_c.! JJ-^ia (j-ll lS^Jj U-a 
j_l_ laT J1 i h t Co f_y}\ Luj m o I i uj }LLi. (jj^J iJa^!ajx_o 

dj (j-G^jj j-jjJ ^-ILllLj i(J_j_mjJI Lij ^jjij d r dJsjdl J I i^-Ij-^JI 

(j^oj (jjSjlil (j-Gjjji! ^nj U j j-^ 1 *^- (j^l LS- 5 !^ ^-^J td ii-i^L d i uJ i_jL5j)_>. 

i_jL_lU_C i_JjI tfu o j if (j-Gji^j—jJI I jLsj •(jr^'jj O^J-^ 5 Cr^l 

^^VLuj (j-Gjjj-jJJ w a j _>j 1 1 i-La_>J I IjU» id^—tj^. jl dj^_i_>. <Lul_«_iSj_u 

tfJU* ^JJJ (j-l ' m 11 jo^lj— i £-a dj| VI idjj—iiil d"il t'q j la— Jl C ~— b (j I (jj^ L>° 
.C ' ! | jjj, | djajj i n Jij». (Jr^*- (jr^ J ' ^L— j— aJL I (JLo-^/l (__ll Sj ala II 

^jjjj LjjJI (Jjia 1^- i— lij— ila / La L t -La^ v j mi j II (j'V 3jJ-^'j 

i_S^Lxi.i (j^j^l—a Sj_<ic y^- 1 3i (J;!- 3 'dJ^Li. (__j| j ui c uij 

Sju>-lj aJyJaj JL> j'miI d-aijllj "j^* jl 

d jjjjj • ol >aVI (^J 
O-^ <-jl_*jLj_iJ ^jl^n SjLcIj d_>.|jl jl i^j-i-Li 
(jULa *j^>- (__3 <_>a-aj jl i-a-,1 i<i"l d-aijllj jl LjjJI (__3 Lo jl£La (__II JJ->I jl SJljj^jj 
L»^ clilj iit-il| o jui jtJajLA jl Jij*<J! (j i n'», (j^oj .^Jl . . . LjjdJ (J^il_>JI ^jju i^-ill (j-o 

Intergenic regions UjJI ^ s j j m, U j_j-c jlaLUI __9 cjjl_>J Jj_a ^ Lita 

(j^a (_!j_2JLl (_JjL_tJ Jl_3 L^la Ij_j_1_> j I I i<ljl Jij>JI jin ■>■ j^J illltrOnS (__3j 
S^£lj_a d_a^L»_C olj_jJLLll tfjui jj J-i-Lj »1 oUII (Jj<->. Ll<s idJLs-lj Cj, mjlj 0^-?"^' 
t __Jl_jJLjj n-^-all jJiJI (__3 Lij--3 0^?^' <— ij uaj i_3j-j/ La ,_)i>J Sjjua_^j d ^ j i a 



i ilii II f^yj^sjS j ifi >■ t4 i j t a oLULjJLj».! jui.^? jjJl^><j jLCal 

I ' aa 1 1 C^a Jl^-" i nl La_£ . I 1 J ' 4_^L_>Jl M j , ^ ^ T l » j i u La_£ i|«j^JXJ t uli 

Markersa_u! jjJI cj! a mUjI Js, _ Ljj_.il UiC . cjLljLoJI ajukj _.! j__UJ! fl juk 
iLgJ}_c.j <j_Lu_>J1 ^-k. i3j_LlIIj i. . 1 1, i II __Vl_>. -_L_V Genetic 

i allje-a jjU'II J-JJJ Sj_u^ 3j_il_) I j L__j|j i La 21_Lc 4_u_3j_a CjVL». 

J^l\ _±_ J!La j___> J^>-a_ <jT Jljj 2_j_>_! CjLuLC!! 

a_L_». 

t_y*±A\ «- 't. 1 -"*- Down syndrome ^jjiil o^j- 4 ^ j^l '^U ^Li___Vl 

r .Ml (<Lu-i_j_ J I 4j_Ji_; Sj ilUII <U£._aj <■ m> Lj»ja-»- J I 1 (j flk» a oLj^Li. 
CjLu_>J1 ,j^a !j->- J-J-J-> -JiC _-Lc (jr-iV mi II Ijuk _)j i^-i-v. 4_La £-JJ Lajs t Y ^ ^<j_lj 

(j_a t 5jj I U a J-J-C. 4-j-_Lx_>l i___li_J _jt->»J 
3j_L_I Q~n »11 ^jt-i" i ii j ^jjlIII jat mi II Ijuk (jLa t__j_e_«JI l_al .M-IaJ-ill (__>_sJj_a 
4j;Uji 2 i ii^i liJLuk j I j-lL .4jL$i!l ^-3 1 llbc a Ij^-La sG^a _)_> jlj 2Jjai_ 
i ■ u i^i* dilj ilUII (_>^aju Jl_>-j__) i(_gj r r— t < »11 j_Lj^JlII 4 n i,*t _rAj i 1 ^ i nii'i CjIj lit-ill 
^Lj^-uJI i tij I" _K>j a ^1 j a__ .j i-T u_j V 1 (ji'v I mJj u±J (Jj c. 

j-la ,j^> j^aj 5^_> j—lc. j j j j^JJJ^' '-.'j Cystic fibrosis u li^_i^>JI 
tJgmijJUI (jA-uVl o^J-^- Jj- 5 ty^L-" <_u uaj Thalassemia ^j-^-lII 



MtjAUt MUrit 

J' 

(j a i ' i " £ Llj_u ,_Lal_a£. J-^>-JJ 

,La|jX. tiJLuk (j T j j "i r I (j-Lj i .i fllll (j^^aJ-iri-P ' UJ-^ 5 * 

LJI jjf J^h 1 -iSi^ 1 

^ m-flj Jj-a-II j_L>-lj J-^-" (J-°l J-^- (jr^J ^LT^J' (jt^ '"'lj A UU CjjJl^J •* j , .. A i 
d-l-j—JI ^,3 4j_a^>. jjJj U (J^KjljI VI ^ L>s j-aVl 3 2 J 2 ^ C^jK jjj 
(Jli 4lbe-u3 mJJl-bj (lrL>JI ^1 Ijuk Lu Jjjlj Ji^j icU d Uj->J,I 

(jSLI j^s-T (^l tjr-iV mi ,j-a L4J 4-iLa-"i 1 .iVI 1 b -e3 JL£ d j 1 n ri'i ,_Lal j_«J jiit- i'itl 

. cLojjjij joj (j-aj cLUx.j tjry>J I 



«LjI lijJLjo LjjJI *(_gju>. i . m i n" CjIj A Uli pl^i a (jLa j<iC.I J*C ifujj 

i U r 1 , " 4_J_«_c. (jL 3 i<_3j)j_*_a jui I n ^ j ■ . n i j I L-ijdl i ke I ucaj 4_i-La-g 
3.5 Vj 4_JU-C a iSjLill 4 j t i Sj S-« a 4_JLa_c d-jJLJJI t _ ;r 3 LjjJI *(_£ju>. 

«n_gj^>JI SULjl^ -5a^>-J J-J^ SjVjJI a jufc j<uJ (jt^-Ij • «LSj-^ 
3Ll>JI 3.5 Vj 3-ila-t3 ,,JL>JI i±jJL>JI I jt-gJ L-i^Ijj j- T iilj jjJLic 2_tL>JI J£L3 

LjjJI «n_gjj>. (jl . LjjJI *(_gj^>. JaJLa (jjijJj 4-JjJI (jLi£ 4-tla-c I ^ . ■ a . 

(jjj <j-a 2_L«_ui3 3jVj (j! LkL^cj iSjVji! 3_aj}UI 

j j i u£j (j-a JLiV i^j — i^i j S J 'C ifuJ jalj ^IjjJI «(_gj_^>JI CjIjVj ^ U t a (jl 
CjLLljj)j_jJI j\ CjLaj^JVI j j j xi (j! i^alj ojj ifuJJ i_3jL^>.j ijajljj 

iSjjJj^I L$J (jjSij (j' ' LaTc-t-j ijuV i—kcl i<-i"tl 3 j I o r jlLc Lkj_aljj j»j!MJI 

<t_ufcl (^r^CJ 3.5a^»-j^ (_fj^i-VI CjL^Ljj-3-VIj CjLajjjVI ojufc £j_a^>. (ja£i (jlj 

jl (_3j_j>. cAdJ (jl i_3j)j_^>JI (j-a ^ -»J| j •»- jtl I j-ik jJSjJj.! ,j_a (JJ»jJ| 

i^-5jlj JL>. Ijuk (jJijJl ? ^4>i jl J>^-y 
Jii. LkJi_a^>.j (_gjjj_UaJI <Jl! Lajij-i^ I oJ_& (jl j»^Ltil (j-aj 

^ijajj d 3_j>. (^>. (_^Ii (J^ » Uac j ) 53 I o ^ t^^l (^rJ-^J^ ulil jl o ♦ i 53 

,jjjL_ul_a^. G Jl 3JlX.L2JI jl i_3j^>JI 5llLa ^ j 'a . d j i ,il_b U, i. . < uLUI 

^Lj joj 'tj-jj j "j'" C (<_>") -II lS 1 -^' ( j ' "-jSj -ll £j-"J' (_^SLI L^j t_ukjGj 

(j£. j<uJ _ail I J-^ (j I p I * ' (j I • c *-^ 1 'j^ 1 I "(i^'.'J-fl J^* - ^ (^d} -1 ' 

L^j G Jl J («£>^' W ^ ((->") ^-5-4^ . (j i-i i r~> V "i 1 1 d_^3 iIjLljjjj-i (jjj-ls 
(^ j<uu Jj? . jJI ...j^s-T j^Ls. («djJl 'J J^J-I'j ii_ib_je_a J-^>-T («ujJl 

cbiK (j1_LaJi,l jjju^s ,j^a ^-1-2 JlJlj VI Li^pJ " . 'J7"<' i— iltij ja£.LiJJ (Jjj/Lu 

.dlll (jUt^ («uij .«dJI 
^j^uu (j! VI t d_LjkLuJ,l dJajJlj ^LjJI (jr-n^ A^JI Ijuk ,j^a ja^jJI ^J^-J 
^^ifcj 1<:1 ^-J (jr^- Joj-UI I (jU (»I-J-<JI (j-^ ^'-i J> -' (Jji-flJ «JliLajjJVI 

Ij in'ic (Ji-J3 LiLiJ>.| (j,-^ • I <j 'a i^J^'j JtH^T 1 ^-L>^ <jj>^ '-. '.' 1 OJ^zt -'-"^■"^ 




a^ckaJI'ft. il^ll 



<_JJ__/jlj 2_La^l Cjjljuuo J_5 (jj^j i_Uj-> w j fl itU I j i ulia (j-"J-J (jLiLa (__!! La 
La LjJLc. Lufc Sj ^ Utlj 3j___> Lufc 2 K mi U J i3 K 1I1 a Cl! J_*_i_' i4__>i JJ-«J j-aVI 

• lP 3 >° e^l ' JJ -4 lSAW <J^~ J^-y 

4_ilaX >l_Lil _ J uuill IjUfc (j I I i a Ir lil <J_ Lajj—i V I oJuj-i ijj^j-j i_3j_u/ Lul VI 
(JjLj jjfc La Ljlaj i_aJi 25La 3j_».lj Sj^a <_jj_*j _ LijJI l— _C.L 

^_o_Lll I jufcj . 5j_Jt,Li ir-iVl jl — -» i a "H (JjLs j j ^ j-ifc 1— a l_$iaj ir-iMJ 

(__3 ^ttSCjcT— i Sj_u_> (J^al^£. i_JLuk (jl (__!! SjLvuVI (j-a J-lVj .i_3j_». (j-U^La *j uiC 
d j a frl i-__3 _a__ij • L— -j ua -v. jJLsc-a Ijuk (j-of! i— kcl i>i"itl jl i n itl d jlo r j j i u 

2j 1 1. i-»JI Lj^L>JI (__a CjjJl>. lil Ljil Vj <ijj_aj Ljjl (__a Ll_uI 3j__L_!I 

GjJls. lil Lal '(_L^>- (J^>- J " "' J '-^-"'J ( cL - j' (j-*:!- 1 *^') 

Sj ri U U cLuLjill 4j*-LliJI (jjSui Laj o r j .Cjjjj V __j__3 2jJl_u_»JI Lj^L- >JI (__a 
L_)j_c LlajLa cL>.^Lc (j-a JjV Ijufcj i Luljj L_5j_a (jaSLj Jl3j i La 54_L>. 

(jr^>JI ^ J-L>JI £>Lc. jjfc ^-jljjjl (j-ij—aJJ £>Lc. J i>i flfj 2_3JL> cGl j j m_a 

.<_^l_LpJL £>LlJI cJsj li'lj'l _UjJ <JjJ__il 
(jl VI uji i n iVl l-u-i —U (_j-2ljj O^J -0 ^VT 4_oj_a_v LjJj__j Ju>._oj 4j| J_u 
i_a__9 (jyjljj O^J -0 SjJaLL—II _lil_Li_>JI 2_5j_«_a (jjs VI Ij-cSLa-Tu joJ »1 aUtl 

oJ— k J[j «J Sj_l_l_i CjI j LSjj (JjI _/j |_jJ>J^ (jc j_lL_!L dJJi j<uj >(jVI u~ "w 

«_i!l C—a J ie " ■ u I (_^JI «J— k <j-°J • I j ^ J ' ' _— ) Ll_i_^<J 1 

Lj£^ 1 a J Sjj j— J Ij cLuIjjJI J_jIj_>JI iLj-Ij-^- Ij-i^l («J 1 I J i— ilj a JjJ_»_j <_\jI_Ll>JI 
2_ulj^JI (j—ilj—a^/l ,j^a J-f5— > (jr^- — — Jl (jr^ C ^^'j->J' i-J La—u/ l_jj I Ooa J—> "i i »1 

. Lj_<il (j I (3^-" -° ^Ll j' (Jt^ (jr'l <JrR" (IV 3 I g-auL-aj 



4_uC.L_»_jVI LliLiijj j riil JLLa iJ-Lt-u^ j litl ,j^a d_L i - < _a ^l_ojl j>l J V" ml 

cjL-jjj-j-illj Adenoviruses 2jjj_iJI _^L_/jj_j__JI _Uj_£jRetroviruses 
tb>->LI _| jj.1 (jr^JL >Li--^t,l (__a Jlrej L>jtj_«^>. ^--j Lentiviruses 2j__,jLjtJ| 

.(n jsl_ji jJ_:i) ( ' v) Ju-_>Jl_-J! 




^JUJLI tj-^iJLi J^-jv Jl9j ^j^uaJI ^j^ j i iU 4_ulj^JI SjUI 

J' 

(JUiol 5ej i^j '-^j J-aJI ^j_Llj>. ^j-a l«i^>. /j-u>JI Ijuk ^ ■ i a * L_aJ «j 

l^jJI JL>JI £-}J_^l J)lj-U L>L>JI ^1 j? i JL^ujJI ^1 Sj-iiLi-a (j^jj—tiJI 
i_cxuaj La-Lp- 4jI /^-ikj iCjLi^jj-LaJI ( _ ;r 3 4_li^>L>. (Jj1L».LjJI JLaJicIj . L^j 

aLjjj p ' 2 ' * ^jL) L$_*_a p ' u 2 ' * 4_jJL>J1 p ' '■ 2 \ a ij -w^ . d j 3e ) i a t 4_jJL>JI 

J' 

l Q-"3J £-^' (J " se-X I <j-^><-!l (1)1-^ ^jJ-L--»- (Ji-lj) i_kcl i>> "nj 

i n i, j i_3j_ui (j^^JI |j_A j Al t 4_ljIjjJI Sj)U,l (j-a l*j-^>- uaj (_£juMj 

(j^jj-uUI Jj_a /\ Tropism «La^VL 

jllSJI Lj}L>. 4jL^>J ^ a ^ V"ll Cr l«j I ( >LiLa 2_iKJI j? i_JLl!l 

l_Jt3 oLLl». (^jJLc: lil tjl t-il m . »1 i<-i j jll Lj>Li. LLxJl_a Lc_jj VI 

( _ ;r ikj CjLjjiJj_i_iiJI pkt a «Ljj^sLi. tiJLuk (jl VI . SJj Q i ,ij J^Lj 

f \ i n A'iVI ^4^. SjjlSJI L^J ^,111 L>L>JI (^1 t_jLkjJI ^ jjj Jj-^ 




'a^claJI'ft. iItII 



^IjLir " m L) £>L«JI (j? |j_ifc i '« . >L_ii_a j-U b>4 V « p i ■■ S " V 

j? JjUJI 4jli- (Ji-1.5 S^LaSLj ^/t-?-" Sjjjl^ ^1 S^LJaVL Ijuk 

Liposomes ljU>u/^j_cUI_t 




Cell Therapy biGJl.r 

djj^h J i n->Jl t»l nUtl (JjJicj (JLp- - 5 jl>-' L*5l-5 3 j«j jlaJI ^1 SjijjiJI 
cLiilLi J i ,i ->J1 p K") (ji (JjLs- ii U j i .ij (jjj (j-a cLk-o t _pajl ii"nj d i .i ii) 
(jSLIj icGJLl Cl!jU-=-~j (j-o i U ii'g (j-u_J cUJI (_)-<-u>i (j' lili -! Lj i .ij j-^i-J ' I <j o <j 
J—j' - M 

j i ii-^JI h!>La- j»! Ijj-Ijj i>L«i«JI £_uJal I jl^-i . oLOli. 4_JI 
Fibroblasts JlL>JI jt Lymphocytes L>LiJI JiLo iJu^JI 

J' 

3j_u^ <-.Ur Ij 1*1 o i ii ii'ilj ijji>J.I (Ji-lj ujj I t-i 1, 1 (j^>JLi 2Iaj»J,I Lj^L>JI 




(j-a <^-!j-iy ^ILi-* tj^ '^p^' LOLiJI jjjjJa (j-^»<Jt (Ji-iJ 2JjL»^o \ A • 



Genetically Modified stem cells t^i^^jijdi 2^^1201^'- * 

Lu iJjjjcj Luljj L^Jj-«j j<u Jl>JI 1_j^L><J1 jii.Lj (_aj_<j/ jj^o 

Ljjj JJljlII 3j_u^ j ir-n tj^- 1 "'i nj (_Li-!-5 2Jj_«i,l L04_JJI o ju& ( _ ;r «-(J 

Ldt ji «Jttlt UUftil 

ul\ £-!UJ.I (jrLj>JI Jji^^j (^3 LuljJ SJ-^I Lj>L>JI j»l jJei^J j^uii 
t j j"i ^ ii>JtiJ 2JJlj>J,I LOLiJI Ji-lj ^1 (jrL^JI JLiol a jU r (j! _ 
. Lkj_LC (jj-i (j-o ' La a3 (j\j>JI Cl!jL>.i Lj^Litl I jLlo.1 

i3^->JI L^j Lj^>L>JI ojuk (J-«-j5tj diljij iLuIjj Lj^>L>JI 4j*^oj_i s tj ^ , „ _ 

joSL*Jli! ji i^L^a <_j^c.jJll ( _ ;r ^.5^-«-Il O^ijj-P' o-° c ^^^ cjLi.«>$ i^JLitil 
jL«j L«-Lp- ^^L«JI 3jlr La S-sLjj ^LlILij i^Jmi (j^ijj-^' iSj)~ 1 11 a J J^^" 

2_j^>->LjJI S^UI 0 U»"i I 70 2JjU>J,l Lj>LkJI «juk S^a-ajj . 

»IUr b tiili ^.Ojj i^.lUll <_ 1 ih aw s^j^a^a <jjl (^JLcTherapeutic agent 
V /\ J^ju Therapeutic transgene Jj ii;U jr>LJI (jr^>- J*^o S_uj^o 

.<L>.L>JIj L-titaJI i. 1 1 n">- (J-«-»J 




<self- renewing Lg-u. jj j^j^j 2_AiJI «jut SjjJs njr^U J^Lj *Lij-£ 

L»-£ . L&>J£- J (jiajL-JJ J jJ,l J Injili J diljUaj-j-o JlLo i(jUaj_oiJI jji oLi-i^JLi 

«CIY» JjJl-JuJI (^LUI jj-«JI i_ysj—a fjj-a £^Lc 1 uajl CoaJ V" i .il 

,_p=j-a LdJlij i^'^ severe combined immunodeficiency disease 
Fabry disease^jjli <_>^>a ^Fanconi anemia ^Uj^UJI L^fj Gaucher's 

Leukocyte adhesion A ,>> j A\ ^jJ\ j£J ^1 ua j^S ;ll Ldlj^_£j 

jo-lj (jro- ^ Jli- <>» jili aiLuJI j^oVl tdeficiency (LAD) 

.HIV-1 jitfl 

£L*Jb c^aJI ^ ^MiJ ^1 «JMlf ^it*J! LMaJt ^1 

iixjj>. (j^><JI «Lcj L^a-i ojj <t-^cjL>JI LOL><JI J^-*^? - ^^-j» - " ' 
Hematopoietic stem cell (HSC) fdJi b^tjjaj <SJtl ju-ft^jj! - i 

LkJj^-J Sjjj (<^C.J-!I (jJ-CJ .SjVjJI j^ibJL^. JLiil3>U Lgj—tJI 

(_!!? ^ 0 _ ^ • J£ ^ ^jdJ 2jj£La 2_^cjL». Sjl^-Ij 2jii- 4j jlj>-jj i! i^lh<tl 




ojl utlul I (j o i 'i (Jj i J i .i ->J1 jJL«J,l (Jj_2iil (ji->>J! JaJLfl (j-u^I 

LgLjiaij Homing J$ «Li. jJL 2 n^L>. ditUj L$jf V! t .i , ,i-»JI ^ 

tLymph Nodes a^LLalJI jl2j«JI j JLtLJI j jl-£JK *L^Vl <_>iuu 4_iL ^ ^LtuJI 
L^j Lo J jjJl>ij »1 i?ir^l ujLji ^1 Jjj^sjil 3jLx<t« LbjJ ojSj ^LiILjj 
.Metabolic errors <_>i=jVl J°, JliJI cjVU. <_>ii*jj Julll <_p=l >4 Jlia .Jli- (>» 

Myoblast Muscle - forming £>%i*Jl b^Jil^lJu*:^! WBJl-o 

jstem cell 

iicp- _ j»jdJ 3 'i mi UI jl^JI L>L>JI Jl*j . SjaaVI {y* SjjliJI SjjjJJ ^ ^pbj 

j_L4JJ Li}L>- (^-Aj ,0' Y ) J,„->J| Ji-lj^l 3^JL«J,I CjlitaJ] JjaL£ ^ Jlj-" mi*J J Jl»J 

.<u_a oJi>. MjjJI i^nll ^-j . nitl (jljLtll j ^Ij^-aVI (^lc L^jj-ija I Jl£j i2Ja_pJ,l 

(jLa 1 4_u uax 1j^L>.j i—sLlJI j Sjj^oJ 4_lCjLi mJJljLIj ^_ y LiajJI ^ j 1 nitl I Ju& (jl LcJJ 

j^afj .Muscle dystrophy u li>.<ll J!l>JI : JLa Sj^i^ LUsI >-af j-IL«j e^j^ 
Jj_*]| tNeurodegenerative diseases uJ <ll JM_^ejVI ^1 j_^f Ji_a mJj^U 
I j < /i V I j j— "J I j ' Inherited hormone deficiencies cj jj^il j_a j-^JI 

Neural stem cellsajt^u^aJia^iatfi biteji- ^. 

^liomas 3 j SjjJI L>L>JI (jLL ua j^j (j^-^VLij i jJ.1 qU*> j 




'^jrVTlI'ft.jlTll 

2j_c.jL>JI L}LiJI JjJUlj <>a I j-SUj (jrUcs-LJI (j! VI . 4j 2 ta.pJLl 3 o jl mJI 
I I juk i <lij» a Cj La_uo I j LLujj. j ^-j-Ij L&jJjljvj < Lu I j j ua_»J I 
ojJJu (J J J "« ~> 1 1 £J^- (j-* o k 3 , - f L" J J c £-a Jl«JL 

HjLjij^U 4_uLL3j_<ji.II L^J.__J CxJ__>- i-JjLjo ^L__al 

4 j i n m »1 .ini i_- i'ilirli i Luljj 2Jj_»J,| 4 j j i a 1 1 1 4_^j_>_tl Lj^J._»JI 



Bone- forming stem cell (Osteoblast) j»l__«Jl b^^jai^-i^ia^i- _- 

jl j-li_j_l — ,j-a j__J_!l La ^>L__V, (j-LijvLJI __VjL_t_a 

c_a__j iLuIjj f-U_*-l L>L>J 3 «ii^U 2_^j_>Jl 2_lL>JI JjJljlIi lj_aL_ .jj m< 

4__/J_4l,l L^LiJI u j__ I j « ^oj ij-u__JI _j_a_! j__L_t_ (_)-«-*_ LjjHjLh? 

Cjiiol J <j i* JlJLJJ .3JlJJ_>JI j-L__JI __)}_». J_ «j —- ■— .1 l n J <_>—>—>• ' K i nj 

3_UJ_>. Lalkr jf ljj_».j_> ijLfl 2jj£_J,l 3jjJ_»JI 2 j o h «11 LOLiJl 

JL___J a _a A_ljj_3j L. E iShields jj__> A ;>SU_ Y • • • ^L_»JI ___ 
j^JL 2jU_>J,Ij Luljj 2Jjl»I1j Retroviru 

^j___ti c Lo oj_i.t cPJi a ifj r ii ^ji _ gJLai 

J— *-->VI 4-tLa-g JL__j ■ -> I ... ^ i VI 3jyju_ 4_iIj_l>. Lj^._- _—<kJ i_r\i 1 1 

^ S_ Cu a 4_t_.ju>- Lj^.^. 1 j j 'o lj.aJL.j-" i n I (^il i £ 1 1" (2>c S^Laijj S.J^^^uj 
2JtJLl L>Li. yJi cr^'j iSjVjJl yljjj. JULV (Jj-^oil cW->JI *LaJ 
J i 'n A J (jji J J-J-il I (j' (J^i ^- <l ^ 1 • ^■J-^M-'?^ ^ 3jjLSJ,Li f. \ i .i 7i 'i V I 

2JL12 j! 3 j^Lj 2J l JL_JI ^JLi ^L^u^jVI s a-uUi^JI 3 t 'n «11 




^ «ilUt i«*'dAJt <UiaJt| i—„.aJI i«*ittlt UaJf U jLi* 

Marina Cavazzana Ljjjl j < LjjLa SjjJL^jJI oJSL^i Y • • • ^LJI ^ _ 

ytliil j>J«-II ~— '^M (ftjL-uJI (>^>JI JLioJ t>« ' I ' " 'J-3 (jr^ "CalvO 

X-linked sever combined Ly JZ\ u ,,r<-*J\ Cr i j ^L .U r. j 1 1 j| >J| 

4la gjj jJ,L (jful ua a (jhlala 1 pk.t| immunodeficiency 

4_aJvLg_a ^^L. i". U r (_^lJI d ir-i ir-iV"l,l LOLiJI (j-o 3 1 1 uJ i .1 (jla <") ( _ ;7 SL! jj U"n j 

jL^f jJa 31 nt-itl f»>y^>- tyfl cry^l JL»°! «M-»^ u? c^l >>-^l l^^' 

I Jj Lu& (j-oj . o j ala 4_i OjJljs. (j' 0 J (jllaj i n 11 j-jSL> (_^L>. La S-^H J P 

^JlL! 4jjSLil lilb a_^Li 2JL1LJ1 a_^j^Jl 3_tUJI J. JLa-"i t nl i 'K i"n (j >i< j 1 1 
ji^f (jjk (PJ! 2jLu*JI 2Li-C.jL>JI Lj}UJL L^Iju^lJ J.U'aVl (j^a 4jjj 

.ajtJLJ! dUj 

(jic 3jj_2JI L^jjJ (j.iuJ 2JLILJI 2_j_cjLj>JI Lj>L>JI j! (ja-ibvLJI j^>-j - 

'"■ i i itS ll _jJ (_^>- <Lj_oL SjJ, L^lS-l J ( _ ;t -Ll>JI JJ-U! JaLi^JI jl cbjlj a" < nVl 

SLo. SjL^j Jj^/I ^1 (Jj aji I ( _ ;r LL>JI 

I j~ uj LaJ i^JLitil (j^><JLi 4LjjxJLI 4ju>>jjJU uli Lvuaj_LaJ Ll L^jjLloI ,j-a (JlflJ 

Lal ,„ n\\ Li>UJI djL^I 

(3^->>J! (jjs <i_^L^ L^j 3j_A£ Lj^Ls~ ^t-n" ^^JLiILij nj^-><-!Li ,_Lj_>J,l 

j>J V" t .il La_L u> . Jj>_aJLi ir. j" La I jufcj . L^J liaa-UI ^^^LkJI J-«-i!l CjIj^vV 

*LSl (^-3 (jrJ-^tiiJ t^J 1 M 11 J.I_-«JI (j^l d—jIji^JI a_;_C. j^jJI Lj>LiJI *L«ij(JI 




'a^claJI'ft. iItII 



Lj}Lu>JI (j! (jJJ Ijuk ^,-3 t_u i ii II lj < . SjVoJI tiuj^v J AU 1 ^1 

2_JLjJI SjjlSJI L$J SjVjJI JjJs <j£-'? 1 ^ i£j '"^ <J^>^' f- 5 o-- 0 j_->JI 

.cAju-^Jb j>uji ^ ajLiuii ^ jU aiuui.1 j^Ji b>uji ^uj^i _ 

Gene Silence t>i*JI i.-, a uo ^a m* 2 K i1i<n 1 s 2 j; U ^ ^ < U , ^~ l jl» 

J1I* ^Juau »_a ct_i 

(j^, j, j j I k*" ' "j V j 1 1— ia jJb (j I l_«J, I <Ji! lXjx^ tL«J LjJ I £L_lL>J I 

£u_2j cU (_J jJI u 't i i K-i 1 1 ( _ T JLiJj j ). jj I i_i-l£j_I!I j_iJLlI 4u»_Llj dJJjj i A i ii n 'i 
(jl VI .jjLuj <_3j_<_u d rijUjJI (jl_3 JuS I j»ljLaj i£j"L»J,l (j-<->>JI 

3_uij_j>JI Lj>L>JI ^ L-Lisjf Ju>-jj jJs 2 K i5JJ ojuk (j! Ij>£i <jrt!b>.L<JI (j^jlj 



SjujLI JU^>JI ^ (iLajJlj j>l i nii'lVl ^ylz. LOLiJI 3jJL3 (j^io-LJI (_>^>-*J Ij-C _ 
J£ LjjoJ 3_j_u3j_UJI 5j| flill ^.3 Ju>-_aJ LljJI (j^a jry>— o yL_u (jJJ t dijala 
(^juU t;r au»j «Jlil Jl_u_4_uJI (j-a J-jLlj _9-*j) J-°5^H (j " 1 "_' I jukj '(j* .' 

pujjLi i_2j *J dj ,_^i3L>. puj-il "i i ii a (jjjL_i_5_i o.iou>.j (JjjLJLjj i( ( _ T i_j_uaJI 

j>^>-jj <j_aoJjjJI *Lu 2-jla-c puj ^jJI puju^l iTelomerase jlj^^LiuJI 
(jic SjjLa 3_jJL=hJ1 «juk j! JjJj i2_lL>JI ^ua 2_JI_c 2_j_aSLi <<u>jyi Ijuk 

->! , „ A'.VI ^Ir 2_tlujJI 2 j r j->JI 2_lL>JI SjJu3 j-uj jJb I jukj i LajJ p I i u A 'i VI 
tL^cJu>JI 4_lL>JI Lal iLaLaj (JLc L^J puj_iVI Ijuk dai uu ^j" i n a (jl jl , - 1 aj llj 

3 ,^ tl U>Li»JI ^j^uu dilj^j (^aJJ 5 iniitl 3_jc j^>JI 3_jLiJ| Jia) 3_iJLJI 

(_LlLs L^j ^juj-iuajl j'itl LijJt J-jLj-J ^LlILij '(_LJ-3 Ujj puju^l Ijuk "i i ii a fl 
liLa» .(_jisJjJll J i ii-v. ^^uS (iLajJlj ->! . ..A .VI Lglujlj a" i »1 (j-a J^eu Laus iLUajI 

_ (.^jlj>II t^i}^" ' (jr^ 1 - LiilS^ J-a-«-II (J>^ (_>^ a i>'' j' (J^ l ' r '"'l Lj^c^ 

Jdjus^LpJI juluj (Jj-Iau dJ _j£.Jij 
(jjkj iJLj^jkVl ^ua SjLc. 2 j uoliej J-J-a-JJ S—lllLsJI a_j_cj^>J| Lj>Li-JI . 

a_uui^JI 3_j_£i ju>JI 3_iii-JI Sjji5_a ^ukj , Pluripotency «jjljjLSJI Sjuaj 3j u»L>. 

I j^j ij_ju_>JLI _ Lu>-2j - d i a i <a Vi 1 1 lu^L><JI ^>jl J^i-*^ Cr'l j^'-*-^' Ur^ 1 
jl J^j (jl (jjj (jus SJj^Ja iujIjJloJ LijIj ^\ i ,i ^'iVIj I q i ini 'i JuJ_>u Lj-JjJLS 



SjJlj»-o iSjijJlj»-o SjJ, ->! • " fljVI ^Ir 't- 2 a SjjUs (j^titj 'L$J 1 (J^*^' 

(jJjsJLi I 3 Ij o -> u 2 jl o r c-ijjiIJj V Ijuk} .tiilj Jj-c i rr^i j<u I (j i ' i l i'i (j-a 

j j f I jufcj 'IMjj-I^ (j^ 2JL^>JI ojufc (>t="Jt j j j <~itl (jl jl i^jmi 

.(jSLajs cJaj (J>k^ I U uu 5LaLc L&i^ t>-><JI ^I-Sj (_^JI 
\ (j " j o i" j L^il j i" ( ..I (jSLxj d_tlujJI £jj_>JI h!>L>. (jl (jjJLs-Li - 
.USb 2jSLi I $Ac 2J^UJ.Ij Lg-La Lj>L>JI c^^^L-j ,j^ jujuJI J-a-^j ij-jliJ.1 
(jj£i jKia aiuull a_j_c j^JI 2_lUJI Jla .ajtJLJI a^jL^JI L}UJI La! 

.^L^jl c^jJi ^ J^Vi (^ a L t j i m a ^ a_i2Li i r aJiiL>j.i 

(j-a j_lj£Lj (J^^-ul J i 'i (j-a 2_iJ_tL>JI 2_i_c.jL>JI L^LiJI ( _ ;r ic i^i-»JI _ 

ajbSLH .iJju ju: oiLa .ajJLJl a^c^>Jl l^uji ^ j^^ji 

(j a au g^jjjj i LjJj_2j (jji^L>JI L$-aaJ (_^3 (_^-&J i2-ajj^/l ( _ ;r 3 4jL>.IjlJI 2_j^JL>JI 
Cu i" i „1,1 (^ Lj^L>JI ojuk ( _ ;r aJj jaJ ij_<-uJl£ L$J ^jiiej (^J-ll L^LiJI (j-a 

L}UJI La? .a_tlil>JI a_|_<i^>JI L>UJI <^Ll J^=^i .iLIajj tJ -^JLl 

L>L>JI (j^a SjLj>.|j 2JlJLi a_di- Aj>->J <jf I i air La£a i2JiJL_JI S—l^JLjJI 

a_tii-j tf.j> a_JL>. (_oJ? ^ o (^i ^ • (j^s ^ j»Ltu«Jl C;r ij ^ j»jd! 4jjXii 

(_^J a l_Ll La^a i(_ ;r ^j_LaJI j»Jl1Lj 4_jJL>. i—iiJl ^ * * ( _ T 3 t j t a SjL^s.|_j 

d jlr j i L^L>JI (j^ JjL^JI ja£JI I JUi (jij (j^ I j j "i i t j j Lc (Jj ua^>J I 4jj< i^-> 

j_Lii£Lj J^-<-uf Cr JLLj>JI ^>L«JI 2_iijjL>JI 2_l^: jlj>JI L>L=>JI ^IjJcI^oI (jLa 

a\j^ t" i u l (j-a 

j' j' 

Luljj (JjUiJj l'"'-»-" i ."i (jl (j^-4J L^jl-J < t u t iJl>JI <_LC.jL>JI L^LiJI j_Lajj _ 

JL^ a_ua-i^ie 'U ajJLJI L>L>JI «jbJs (j? jJLl jJj .CuLLl^JLi ^>L«JI (^ 
j-Aj ljj^>.j_a L^Jj^SLj jJLj^a_a j»ljLa L^i. i<Jl!jL-iij 
4_iJL>JI (Jja^so ^jU" i .i 'i V Liil (_gl iCjjJU>JI i 'i i ^ a (jn'Cttl La| i4_iLLi>JI 




'a^claJI'ft. iItII 



pjtLa j j r <_jLj Ijuk (j? jJj i2_Llti>. 2_.-c.ju>. Lj^Li. 2JLlL_JI 3_jc.ji_>JI 
2_aj_SlII 2_tlSl!l j j » a Lanza IjjV di jjjj jj__-jl!I j_>j i.\j ^ . LaLaj 

^-J-Sl jl j-\__uj_5 __>__ ( _ ;T __*_JI <Jjjj_5a 4_l j-S>j 'O ""'J 1 "J? '"'"L" L 9 'Lj^JJ ^ J^^ 

(j^lj -j^il (j-y-^"-" cJl L^^-jb 3JL5LJI a_AiJl 3-*-ajj I j.. 
Kevin E. j-u_j_> 6^1 ■> vl j -oLajiL* t3_>* <_>-»-«-> V • • o ^.Lc ^ 

2_tli. .Somatic cell reprogramming ^_-L>. 4_lU- 3_*^sjj SjLcI j_a 

-S-J--*"' 3_u-lL->- <ljr j__>. _--lJ <-j-j-_>. 4 j r j__>. d U i ..Ijj id—i-L 

^JJ Somatic nuclear transfer 3 iJU 3—jL». Sljj J2J j? I o < ..juj_a. 

^JLJi a-jikij ^IjjJI ^l_j_ji jLc! .a-u^-Ji f j>bj"j ... 

<_3____JI i__3-L___> Cjj «iljj O^-il £^ Wi>- <--J-3- 1—a I j-ikj i^j^/l 4_lIjJL>JI 
j-iTl^U j_>JI 2_j__d_«JI Lj}L>JI 2__>JL_-a j! 4laL__a ^jU" mm l_Uj£ _ 

Lj!>L_>JI oj__> 2___/lj_U 3jL_ia-a 2 lj i uj LiAlaj 1 j ^ a 1 1 ^ i a (J1_lj>.Ij JL_l_».^ 

_ 4_Liti>_t| 4-p_j_>JI 4_lL>JI «Jlilj-La-a ja__sl j-a 3j_J,l ojuk jjS_i jJsj _ L^jLLljvj 
j-->_t| _La->- _--S 4_>.l_>_i MjJ-aj i£j_j__. jl L__ijj_L_5 jLis £.l_j__u iJ_sL_!l £___.|j_Uj 
£-_Ltl _gj "i m. a <l__j_«_a j_a LuSLaJ _}-> i . t- S a Ijuk <j"J • L^L-i-M -Jl-J-U 
I juk jilljlb £_l!__!Lij icU 2j_a->_U LOL>JI o j__> jjl_a_- (j I Jju jJL«i,l jAJjj_jJI 

.ajLfLJi a^j^Ji L}L>ji ^ 

( _ T jk L_uljj 2Jj_«JU d_u_il>JI ^ j c j >JI L_^L>JI (j' j ' •*■ " j (j—; LU 

(^jJI . j ... -»JI j^JJ L>JUI oLujfclJ J^Lj cl_cj£ LaL^ 3 . .„LUI LOLkJI 
jLa dilj j-aj ,2JL!LJI 2_pc:ju>JI Lj>L>JI liLlTu I 2 a j-Lc I g ~ j $ o^t^j 

^jUtLi (^jk ^1 _ 2_jIjijJI 2.;^ Jl>J| 2_lL>JI j! mJjJ (jva tiJLuk 

L>UJI (\va Sjjj_c ^l_jjf (^k. Igf^b u?^>u Teratomas JLuUo j-^ Lj>U. ^1 

^>|_j_a j 'C i .itl ,_p3j_^a (jjs (jiajjJU ^!>Lc j-^a id «JLjJI mJ I d ir-i i a V "U 

m^S LgjLc.lj.-a t_iJ>>J (J-aljC jl Jajj_<I/ jjjv j jjs JjV jL£ idiJi (Jjv I j-a 
(jjj (J^-^t 1 2_«JI_jJI L>^jj .r-. i2_tijij>JI j. j>J I 2._i]iJI j»l JiJcJL<jiI 



j! J^oL>JI (iLcjJI aju* '^"j jIjlcI «LlUjij 3JLoLSL!I SjIjjJIj Selili 43jj>J,I .\ 

. Lj>uji jii /\ 

.<b».}Lc j| jJ,l t_iL^m ^jMiill ^Jl (j-Li^JI (^-M-tll j-Hil «l^-jj diljSj 
I "n jU <t_-a joSLai^JI I jl^j tSJjLjti! 2_j_cjLjJI S-^AiJl ^Therapeutic agent 
. jr^>JL> 3JU*d! ^ji^JI j^>J1 a^jLLo (^Li <_lii!l _o 



( _ ;r 3 »1 <i\ «11 JlJeJ 1 1 J "J i(_jjLiL>Jl (j^-J 2_3j_ltil (j^. <_Jj|JjJl p J *' -»• J tLL^slj-a 

..sjjcjtii ^LlcIsJI Lj>l>ji 

joj 2Jj_ji3 CjljUi! j_jIL>J,1 f.[2-i 11 SjjJill j»J^.J (JliljJLaJl tbjijjire-a _ 

(Jilajj «JjLILjJI tL^cjL>Jl Lj^>L>J1 A n i n (_^-&J * Lj^L>- (j^l j^' - *-^' 

tiJJj L^gj Jw, icUjIjjJI jjlalj^o^l ^!>Lc Lg^al JLa- "i i n\ j»Lol LajLcj LjJlj>u 

SjL^al i^Jmi (j^>JLi 2J_4J>J,1 2_i£.l_>ujVl iTiLj/^j-Lill SjjJLo ^~>~c- - 
2_lUJ1 JiLa hJ^jIjJUI ^1 i m ^"iVI 21oK SjJl^ L^jjJ ^1 Lj^L^JI 
L^jjJ i^j^s-l tijL^jj-^ ^ tiutJLi (jjicvLJl diljJ 3,luilU ^.ji^Jl 

<juI i-c/jj j .i 11 o i m Lj>LJ»J1 ojuk AjL^I (^.Li Sjj ^11 

j! HIV 3 j,,. Tv U a_cl_Ul a ^7i\ (j^^—j-a 1 }aj Lentiviruses 3 j .„j^lII 




j«J L$jf VJ Adeno- associated 

^ I j , „ A 3JLILJ! 2_L£:jLjJI Lj}L»JI (jf ^1 Ijuk Jo-jJ JlSJ . AJtJ Lj > I >ij Cm"m 
ojufc (j! juJaljJI il 4jL«-fl j-i-cj 2 La uu j j c <ULo. ^ (jjSij i£.lJj^l dJJj 
< -j ' aj L$J ' d Q ' p ' 5 *" (jl c_ oo ^1 i31_lj>J1 J) * *** CjLjL£ Cjl_i_u^j-_j_il1 
(_£ jJI _ ^IjjJI L^-aJaLta "LlLs. Ip i uJLu V jjj V 2_i_L>. <SLj*. I_£> (jjijJ 2_jis- 
(j^Lu/j (_LaL>. _ d i mi i (jyjljj-ll O" JL> -! ^ ^ pjsLLJ i tu-i^aJil O' J^-^' (j' 0 

jjl mLSjJlj SIjtI t d it a Cj L-uJi^-lo^ LgJ jJo-VI (j-ofll . i ir r I i Vj p i nii m V 
I "I uubl LjJLma-fj Hal uu Lkjii£l jLliejj L^oLol <LlL>. a a i JJ j C-i t j" 

(j-o (j-uJl i(jjJj-2j Lji? dJlLo J < i n_i j ♦ i uli jjL*j ,j-a (j-"^' I <3 1 ' «a fl I j 

J-J-CO- (j-^-l J-^C- liJLufc (jil S JlJJL>. SL_>JI CU^ (_7-><-!l JjLtJ 

jr^jJI JLiol i ,t tn\ diljijj ijjJoJI Lj}LjJI VI i m i^i"i VL iCjI—i-uJ^ j lili 

. f jJJ a^SUI SiJLJI ^o^JI L}U»JI ^jmi JaJLUI 
j»jJJ 4jjSLU 3JLJLJI 2_L^.jijJI L>L>JI JL*. Jjjj jr\io.LJI (jl a-u _ 

lujinjvj Lg-Iiajl SjLjJ cLSjjJa JjJiSIj iLgluajl (jji Ijjjjjj LjJj^ Ijjij^j (j I (jjJ 
jjfc _ ^^iajjjj J i n -w ^1 cUL^ajI -5ljJ,l jrJJ-JLi 21«oJ.I Cj L-ujj-Jil I oj-gJ 2jI jo. 

^**~ ' "-' l_r"^~<-!Lj ' LaJij p'" aJu (_g I jJI j ""■ I I « •»■ j (j I 

(jl VI .(_yjljjJI I (j o ^Ua 'l-y^v ^^>LjIj I (j "i iLt-al (j^j>JLi J_«_>J,I J aJl 

Salk Ji^jla ^ _ Sjj^I Jj^Vl I i Inder Verma - La jjjl 

|>l inn'iVI ^yk. (2-iJLJI j»jJJ 3 luuUI 4j£: j^JI S-AiJI lio. (j! ,>a jjo. 

cLijt-a jJLlLa i j»L>4_j3 ^j^l 3jUj-il1 Cj 13 J Q ^ l_jfcja2_ij jja 1 Jufc ^jl jl 1 ^jj LaS> 

LjM_J»JI (j-a j-o-T (^Jl Jj t "i tl I j'j.i a Plasticity ajjjoJI 

jl "L^S CjI mu (_gjJt 1 nitl Lj^>L>. ^jj (j-C- ' ^ l~ La 1 11 1 ei . ^. . * j 1 1 
CjJLs. Lai? icLo.^>Lc. cLu/LSjul Jilaj ^uLLj_<j/ "Lili. ^1 Ja^dO J^j i,_jiajjj,l 

MarinaL\ljl ^< LbjLa Sjjii^jJI ij^j ^LUI j>jJI ,_p=>-a j-M-c 

. Lu^jjj ^ Cavazzana -calvo 
aj^SLil cuijJI ojuk jj_o^tl! i_<jj_2JI 3^^' <jr^ Jl^ 3 * <: *-*^ ch 1 ^ 'L' J^ 1 ^ 

.j a" 1 n aj JjsLClLaj jo-L J'v i"i_i (JIjLLoJLi ^^LkJI L^al jitlu/V 



I Lj£ i^jJJ 2 «JLuaJLI 2JLILJI S^lcJljJI Lj}L>JI (j? j-i-T - 

(j^>J| Ijuk i,_>iajjj,t i .i 'l LstJLI (j^jJLi ^ I j ^ j i aj (jl JJUJ '(J^ 3 

jgju (jl , ,. < V l_j_«La-a ^- LjU3 i9 tj^J^^^ -1 * t^JLjtil ^Jj Uli \ 

'"■ i uaJI IjJk (jl (jjUjvLJI j^jj .^>Lc 4_La J-J-y (j-ojj-i * (jr^^Wj "' * ' 
i_jLu£lj_i!lj i4^Lua_i$j jj 11 CjLiLajJlj (Jlilj-iJuJl tLjjt-Ljj CjJl^cj q\sz\1 c^jjkjJl 
£j|Ji!lj ijjjiil.1 t>(->>Jl lj-#J i Uj->J.l i_xj^_pJl ,j-a j-iiu (_^lJlj <LlL>JI 4-soLcJI 
0 -A J 1 -v ) 3|^jJ| ^ Sj ili* iU jrytjjVlj 2~niill oLju-uall (_£ JoJ ^ tlJLuk 

jjjO Cxjl_? I jl L}L>JI D Jl^J (_)iajjj,l ■> i ii -v ipMllj 2x.LUI fM^i J-»-l J^><J - 

J i ii -»JI ^\ (Ji. Jl^j (J 1 i ii "j (j I ^iK" i ii j (_>JifI • 4-i-a (J-"^J J - ^^ J^> u<a a 

^"i t! i .i I dJul>- •- )L:;e -^; fj-^j^ i-dLl^a Jj^i.jJI j-?^ oii '(_>^1JI£ 

Lj JJL*_a i—iJj-C. (J-"t^ ^ ' ' J ~H * f 4 -^ '^L^- S-'i>^- <J^ <, p" J J ~'~" L *~ a 3 

j»Ju3 jJaj *L>. iSJuuoJI L I jiil j jii i n c-iJj-c. iJJLl$3 i L i r-Ti 't a Vi>^- <J^ 
i_(JtJ SjjLa CjLa^Lc jl CjIjLSjI jl i_jL«J£ d_«J jli L*l!j £_aj ij_tiJI Lil^j (J£ 

2JlJLjJI 2_uc jl^>JI b}L>JI cjjb CjJL£ .^Lj ^ <i t-nj J-s-Jj ^^LI |»j^2j (jl 

jl_^_>JI 1 ^ jlc t;T SLI L*iljj iL^I dil <i 1 .J j j I diljLjiil 1 <j >Iimi 

4 jujux. — Ijj3^ j ^ ' " 3^ ul^- 1 4^L*£. 1 (j-a c? ' ^" - ^ ■ " a ' i ii-»J1 I jl^J j 1 " 
«jok ojK j! Laf . Jj^.jJLj 2JlJLJI 2_uaju>JI L>L>JI «Jl^J jitj ■ ta S a jjjiicj 
^1 ^-alli V ■> ,.i->JI ^\ <^.>Lj! i_jjlt-.ll j^JLi 2JLu>J.I 2JlILJI 2_i£. ju>JI 2_jLk!| 

Major Histocompatability proteins a^ojVl Jilj-iJ a-^LuiVl cjLLujj-JI 
1 jl AU* ,\\\ jj^JI llUs UJ Jj^I j t a_iJLJI a^li-JI „ Ia JiiL (MHC) 
. LcjIj LujlS (jj^j t_3jj-o jjJI (jLa i2_ulj J^>.jJI CjJjLs. 
2jVjj >iSj>4 (jjp- 2j«-aUij iio.LJI John Gearhart cjjL&j-ui q^>. JjU-j 

OjL£j j 2_ucl_iJ,l 2 K mi aU Vois- jl JjL>- i2_LSjj_aVl Ju5Ljj_a 

<Lj_c. ju>JI L5L>JI Jojl-i-^ (j_a j-j-jiT Jl_lj^sj (_jjJL»j l*1Li *LSijl SjiLiIl 

oLLujj_JLi sLu-oLs. Cj\ 'i i y oj^c lJ A^- 1 $'t a Jai. JiT (_£j^e_j ^^Illl j io_lu_L>JI 




a^ckaJI'ft. il^ll 



(j_jJiU-a LujJij (jj/llll (J^ (jLa ^LlILij i|_£jj>.VI Ja^aia-iJI (j£. Jai. J£ (^ d nl"^e-a 
i£+x •< ua2 a il— a 1 jiiJj_a LbjJ (jj-S-J (j-L5e_3 ^aj (j-aj .(_£_al>JI lLLuJI Ijoi (^ 
jl g> gjs (JjUalj (jlllj 3-i-mUU 3-U-U--vJI 2_^cJlj>JI Lj>L>JI (Jj-lI tiJLuJI 
L^JJlju joj i 1 _ ) iaJj_<JJ 2 j i .iLUI S—ililsJI 2_i£.ju>JI Lj}L>JI o'jJb Jl^Lj joj .sLicLLa 

Ijui ^ya (j i n "v I (jj t a laj »1 «U II (jl Jl_u ' ^ (jiajj all Lg—Jajuj 

^j_«^>J Universal embryonic stem cell a^Lc 3, u ,\y 2_l^ ,1^. 3_lU. jL^*jI 

4l i^>fllj (j-Aj iO_u-ii>JI Jlj>JI Lj^LiJI (j^a (^Lj tfjui Jt-><J _ 

aUacI LgjjjJLi L&j-Laj j_yJJ IjJaj 2_iL>JI 0,1^2 .CjLLljJLj ^^LjlII ^ (jVI (^J-»- 

LgJUo! ju^ Teratomas 0 a r »j jUa ^ ^1 Jjieli L$jf Loj^aS- 1 jLi oli dUj J£ 
u U<"j J>*jj (jl '3_J.d>JI Sj^ jl^JI SjLkJI ijjt j! IjjjJlj i^jJI Uj ! jJLJI jtaJI ^ 

Lj^LiJI (yi 3 . ^ . ^ ^> j « 2_iaJj_Je_a ^1 jjLs c jlx-« j»JJ iTeratOmaS (jLUj u 

V ^ 1 <j<ja~^ CjLLl^JLi ^^LslII 4jl «r (JllieJ i_3jj_u jjjoii i<L*jjiJ^Ij 
2_lL>JI ^».1, > V ' , (.1 3 j j I m H AU gjj\ e j gj 0 1 ua (j! t_4j>.! Vj 

(jSLaj j^lll Lj>L>JI (j i n'». f ^jk JjLflJL) Lgj^/ liilj i^>L«JI (^3 AjIjijJI JU>JI 
<-3j->- ijj- 5 dv 1 L^D-' 1 ' ( _ r -Li^>JI ^!>L«JI (Jj-i^jj ^ I (jjlr a-aJL«j (jl 

.(JjjJaJI (_y3 SLtS LoaLal taj tLujLv J^Lia (_gi (j^a 
j ui J a J i ii" i ii a ( _ ;r lL>JI ^!>L«JI (^ S_i£.jL>JI aJiJI J t n~ , u a (jLfl Laj_aJlJ 

1 j j "i V a i—jjjijj (_Lx-> i— 3j— <-u I j tC LLjJLso (_y^JI ^— i— *J1 j^j_a^>-j 
»1 aUtl ulll i nl-v. OuL^J LcSj OJ-b I j i b La ^rj i^-l") i_3jjj/J i,jJjL>JI (j^j^vLJI 

3JL2UI Jj ir-iiitl (jl L«^ .Sjjs~LJI <Li£.jL>JI S_lL>JI jlj-<-ul jj^j (j-u^vLJIj 




J-Js tL gj a-Vl c_J_3J1 j afj 3 U L>J| (j! 

3j_^l_j_a j j r <_Zjj_LaJ i.ij mJ CjLLlj». (J j < mi" 
. J mi -»JI sLcLca Mgj" i ii a (^^LAJe-jlj CjLLaJLsJI 

l_t-l LU» C)^-^ 



^j—^j—ojjiJI ^ j-i ^ jJI CYP 17 « W 

( _ ;r Lc J «i < j L4jj.1l «J uaj (j-vjJI Ijuk »JI 

^C.Lij ( _ ;r 3 (_LS_»Jlj J cu-jJI <j-A_J JL^VJ-J tfJJJ-J 

(j^-a-J .^JL! J j'C mi" (j-a (Jj — *J J-g-3 i ( _ > i_ikj — a 
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1 1 



lil» 



'a^claJI'ft. iItII 



I j j i u dj^> (Jjj-rHjj^' "-^^ij o! - -LcLUIj 2_^c ju>JI <LjJL>JI J i n a 

jl j^sJ^M I <~ i a J t mij litJ^s- imJj-^s-VI CjLLljJI JJLc it-ij uoi 

La-aj .j^i-VI (_pajijJI I j ■ a » J (J < mi j i(J-J-3 (j-a Ljj_£j La-£ iCjLLL-JLa IsuLa^j 

(jl il ljJj_J_II l.ij Ml II ( _ ;r jk l'llil jt Cil m -»JI (j| <t_ jJI j J Ml 'i (j| c_iJ-eJ 

LujlI! (j I mi iVI t_Jl£!jj 1 L^JL-i jljjl ut-**- ' ^ * 1 o' fO"^ c -- , *-*-H?*-'' 

ojui J «1 t tl ^Jl Jj-aj 4_Li-*_a mJj^s-I CjLLlj». jljjl J » mi "JJ^-J i_£ jJI jji 
. 1— ilj U i>iVIj MjiilLj t«-*-iil t tliij (jr^J SjjjjII 4lLuJI 
(Jjj "1 MijtjSJI mjJ)" ' n a (_>a-a •*• 'J ij»jJI ( _ ;r 3 Jjj—ujj^LIl ^LajjV 

High Density Lipoprotein 3_aLiSL!l c ^^jj—JI (j-asjJL ,U,~s jl\ 

jjn, a £_a LiJ u/J O^-jlj "Jl (jj-ikjJI i-ujj <_Lc La^a 1 (HDL) 

d-L=JL>. o.sljU-uj| ---"-i" i_gjJI i ( _ ;r ».L~JI (jL^ Milt <U^>L>. Ijuk CjJL-cjj ijj-ajJI 
j-aVI OjJLjj .dj*La£ lillju c_<l2JI jJLLlS i<Ll3 ^y>. *j^>- <^-i_J-«J t_<JL3J1 1 . m 

Luj MjjJI i >3>"d1 (j I mi'iVI uaJ 3_aL»JI 

!d_l£ c-JLoJI CjLal JL3 L-JL2JI (j-a CU-dl «j^>JI (jj j! ij ij miI <U ucaj J_su *GLlj>- 
mJj-^-I 4-lCJI». L^Li. mJ| jl <L^CJL>>JI <*LOL>. C^jL£ p-iLil mi" a J3-Z-! Lukj 
(_,| ua-cVl <_"J-3 (jl mi'i VI Ijuk Sl_|_r»JI JjLL-lu-u (jL$ Jjfc itfjlialjl ^ tiJLui 
(j I (j^"* - (J^>J d J c ' L^LiJI ij^i~T ( _ ;r jjLA-ij SSi . JLaJI ' . 'J Lauia a j 

_ (^IjjJI (j aJl j<uj (jt^-J '(j-a ... 1 1 1 Lj^LjJI L*Jjj ( _ ;r 3 ^ «1 miL JaAjo 
jj-a-ju (j^t}\ m^j-^>VI CjI_Ll^>JIj c-JLSJI CjI m "w 4_ajIia_La ^je -^^ - ajc lu m^V 
<_3j_»jj iCj! m -»JI uJLik 4_3j_»_a j&jj iCjI SjI ' ea a i . JLaJI j^^j-iu J_lc 

4->-C j >JI 2_iL>JI (j La J j ^" mXI ( _ ;r i La Lajj I j 'j ■ iaj L-flj-m ^LLi. (j I 

CjjJU>. ^aj-jJLI CjI m "»-11 ^ — j — 1 aJl ^ mm T l a J-a^oj t3j-&L>. (JI t— <-seJ 

. <*J I (JL><J I '^"^ JUji^sJ I ^jjjj 1 La I ^jl nf (Jli- 

S^Lcl Jlju aji-tU 3 «Unll dUj ^jJI SLpJI SjLcl ^,3 *Laij(JI j-S^ Luk ^ j 

J-ikJ iCdLa J_5_3 (_ M'*-* ' uJ V Lg-jJ) j»jJI Jj-»J L*^*- O-^J 'l (j jl\ j»jJI 



joju i^j^ Ijjjlr 4jjJJ 3 j 1 1 n H Lj>L>JI (jl ^LcjjJI 2_<1>JI »1 air Jl».j jlII 

i. .UH Lj>U- JIjljI^I *UL>JI JjUsj di!jJ .^.JljJI 4_iLiJI l a_j > »_^JI Liuli- 
ijjj-s (j^s ouL^ Ljc£ i L^JLlsLc "i i h"j I j li >jj ^ L^jjJs < JL5J I a I . j j<" , 

d I i>i r I flj fl Laj J 1 11 -»J1 >lj^>.i £j_a^>. ^1 Jj^cj j»jJI u-l>- 



^jLaJD (^^J <Lj-c. ju>JI <_iJL>JI £L_lj>.jj d j Aj'C (j^LUI J 1^1 Atl !^£i I i 1^1 a U 

l_3j)j_Lb Cm i" m a (J£L1 (jl J-^>.j < i* m ^ . iJI ,j_a i—ij I U 1, 1 ^a-ill U 

4_ul_j_a_t£JI CjLjaSm (j-a 4_Li_*_a ^1 jj I -5j-^>-J '^t!-^'- (j-* a lUaLi. 

c) Uj -»J,I 4_aL*JI 4_1_i_jJI liUj-^j jjLa-J-ll j' 1 n ii'iVIj j a i II Cilj n t a j 

j^l <d a 1^. i^v"i,i L>Lij| jj-a js" (j ii . a-jjc j^>j| a_tiiji l&l!J JjU^j 

. *L<^>L>. Cxj i" 1 11 a sUj £G_L*_a 3j_i*-a 

, p U j, 1 I (_JLSJ| ^^Li^al jlcJ >JI d jl -»JI (j_a ' _i j I La 1 1 p j " ' 

a_tLiJI Jja_>J jIj.II L}LJ»JI £j>if <-3j__tj (j? ScrJ i J£ Jj-^j Li-! juV 

. a_u^ j^ji 

(^pJI i-.lstl 4 r b>Li.) Cardiomyocytes Sj_^>LJI <_ci2JI l_j>Li- _ 
j U p Lj>UJI) Vascular Endothelial cells a^jVl ajLUj Lj>U. _ 

.(aj^ajji a_Lcj^i (jijj^ 

ojSji ^1 LMJJI) Smooth muscle cells »1 , ,,111 a ,\\ L>UiJI _ 

.(ajo^sjji a_Lcj^i jIj^>- 

(^Jl (-■Inti JjLi- fAJt j-ci ^ (i. , Inti ai,-^^ Lj>U.) (^jVl S-iiiJI a_iJij 



'a^claJI'ft. iItII 



(jj^Sj (jj>I^ £>c lillij i*l JlJlIIj (j-Laz ' n^VLi >_<laJI 5JLiax dijual w j'* (»1 mlU 

p a ~- 1 cjJlj*j L»>-i-u>. I ■ o j < — > iSjjJlj*. <_ »1^ j « r"ij ^ j cjl eLuj 
t j tl 4_Sjj_3j Beltrami A. p. ^1 j-^Lu j_$.i£jlJI j! .<■ <\7i\\ Lj>Li- 
2iLk^ LMi. (^JJ ajluZZ Cardiomyocytes Sj^jUJI <_ .1 2JI Lj>U. j! Ijj^-j 

iJ}LU^I r_^c >-fll^>Jfi' 'j-* 6^ "r-tiSJI 3±UajJ 4jjjii,| (>utj-<5JI jL»»t ^Ll i uj| 
Lj^>L>JI j>l Jl^-'i i nl (JjjJa 4_ri!Li!l Lj^L><-!I (_>^ij-*^ Ur^ J " "' ^ 

.(^SL^JI 



tt «liw 4* kitUf* Uiilf £44» 4«M 

j-pj j<u rj-pJJU jLfl j^S 3 j j I g JLajt djlj^a.1 {y> JjV jLS liilj d-^-ul jjJ 

a j i m mjJI jrjjlj_<iJI Lilajj liLa .<^>JI ^jISLII ^ L^jul^jj LajM 

jls^ <Mj-« ^lui «.'isti ai.?i*t a^j-Ul 

(jj*-9j i. i liitl SjjrJtj <uW ^ Ischemia jjj^ULi <-a>«j La 

JJ UT) jOJ H. .Iriti 3 I r>i r Lj}L>. ^l I n ^Vlj (A I JlJL!I Jj_r^3J j» J_C jl 3Jjs 

.<_ iln tl ajLa-c 2 ;U;« cijj_a Infarction »1 A 2 -vVI j^-bj 31SLSJ.I 

^^3 I -r Iriti (_p=lj al_l (j - *-^ <-&X\ CT^J-' 1 ' O"' 0 ^ * < — J J— ° *' '"' "l ">-VI (_r-J luJJ 

.joJLtJI t_gj"i i .i a (_ T i^- (jLuuyi 




gUtft ^ 4* 4*»4I <Mit*J! LjUftJt £t*it 

ii-Sj^j iD.Orlic iiLJjjf jj-l^jdl ^IU" ,„l 

LUlc La^ _ HSCs j»jdJ 3 'j m. UI 2_,x. jljJI L>LiJI ^|jLie-"m/l ^-LslIi 

Lj^LiJI (j! IjJLj>-j^ n_flJLlJI l ■ .Iriti (j^-^J j' J-^*- Lrkj-LrLs- j<sJ 'jLrU 

|juj .r_J aJ| Lj>Ls. ^Ijj! oJJ ^3jL<u jlJ i^jJJ 3 S m. i 1,1 3 j f JL^>JI 

Sj^aJlIl 4_lCJ^I ( _ ;r liJj d i ii flj fjjj-iJt L^la (^yjJI j»L>JI j|jj,l (J^ i. ilrilt j_3ljJD 

31 1 y, tt jujusoj J^Lj>-J 3jI nr c^jjl^. jlS (jj^j lilljuj .SLljsJL ojuu ( _ ;T lJI 



LiJLaJ Clljj< u/J a_ij_aj) 4_lC J I (j^ 4-lIJ ^LLso La £^Laj>- L^JJ , 2 il , I t_JLa]| 

2JLUaj«JI (j-a /. IA (j? '3-J-C j-j>JI L}LJ»JI f j-gj £>Lj«JI ^ j j -^L j A t a 
(J^ (j I Lir>. l _yiJtjS\j i4 «ijl 1 u 4i-iiaxj J^La-l L3J CjJI». JL3 1 . JLaJI (j^ 3.1 , ^ 1 1 
(jl lilli ^"j . ^ ^ !,jJL>JI 4_JLa_c aL| d t 1 n"i ^jjZ Ja.2 a CjJU>. Ijuk 

jlju>- (Ji-lj) I g_lc Ijj j? I 3 g c jju ^jJU 3 S mi U I 3_L^.ju>JI L^LjJI 

( _ ;T Illlj «LljJI i_J-S.il L^Li. ,j-a LgJj^>- ,j-a £-a ^<d_l_jj 1 ^J 1 ^""' " . 1 J La * 1 1 i—JLSJI 
La ,J_Lj 4j£jj_Ll,l 4-i-_ ju»JI <-j_>JI (jl (j i< <i_i . JL*J C_4J j<sJj £jj L$J (JljZ V 
La L$_-a J j 7t~ 1 _Sj 4jj___ La I <j t a i_)j__jj id ji jjU tl L-JLall L^Li. dj_l_ 
s__>1_» d < j j U _j|j) CjIjL_VI aj_s (jl Lajj id___L>. <_)ljL_l (j-a c) I j ii" 1 uj 

(jjil 0 i_>jdl DNA (^il jjJI ^.aU j_JI (jLa ,<_JL_I L}L_J .t-.S'i a__ j.^-^a 
(jja (Jjuuj jjjcjj idiljLiVI ijjUjJ <_ 'j*»-" 1 uj <-cj3-UI j_*JI si_iJL><JI iJT B 

tJJ £ (_La_>o 3jL_uVIj t" 1 .il ,j-a 3jl__VI t _y£ La ^ j 1 j t <_i_*_aj_! 

(Jl^jLaJj o mi ii'ilj «il 1» 4jiC.jL>JI Lj^LiJI L^jjI L "J-tbJ I 0{j a lj_a| L^jLlLs 

JJL». 1 _<—_>■ (^ j ^ a _L. Jl i_i liill ^_j_>.| I «_a <i.i La L^L_w (_!l 

L$j|_ <j»jtil 4j .lila a__)L L}L>. L_s a_^j_>JI L}L_JI (j! (ja j«— >II eA^J 

J^la L^j j_j_4Ju (^iJI 3 j u»L>JI ojufcj Si. ,\n\\ dJi^SUI L>UJI pl^jf cJaC t 

Lc^ _ (jjfcj iPlasticity aj^J.1 j! ajjjJJI u < i ,„* 2_iJLJI 2_i^. j^>JI L>L>JI 

(jno 2_aj)LaIlj 2_iJLJI a-LCjLjJI L>L>JI SjJlS _ t_jl_jSL!l Ijuk ^ J_l3 (jno Ljjij) 
i_aLi_jej mJj_j>.| l_OLs- (Jj t "II (_^Lc (j*uaj II (_^-2-i Luk J-ikJ ) U*-*— a ' " I 

.(l-ASJI L>L>. Lla t_y-&j) Jj^' ^jMiill L>L>. (jjc LoLcj 

lj)U J-Aj ijJjCuj Ij-^J (j-o j»Lal m>^^' (jr^ t_Jt_§— "* I 'ii^j"i 1 uj (jSLI 

i Lkj_LC j *lj_«^>.j »1 i>ij_i j»J L5Li~ ^Jiil dlAiil cLijcjL>JI L^LiJI 1 U «J joJ 

JSUJ^L^Ijiiil 

J j ii "1 1 n"i j«J ij»Jl1I d 'i mi iU d j r JL>JI L^L-iJI (jl i.ij mil (J-«-Ij 

»1 '■ia-uJI j»jJI «Jlilj^Li cLi^sLi. j>l 1 nii'iVIj j^jjil S j rt-r a ,_Lalj^.) cU^aLi. «JliljLi/l 
(^1 j.jLa_iJ I (jl < -s] ( Sj)J.^e_aj cLi-oLs- d t j 1 U «Jlilj Sjjii. "Lj-u + (ilj_c_>Jlj 

Lkjjj^vj (_yJJ ajaL^yL a j j |q <—i Lfi I i" 1 ul «JiiljLi/l cAj <i" i nl I g i*C t j L^Li. 




'a^claJI'ft. iItII 



(■ij-lm iJS d\ .<—tl**JI Lj*>L». J-i-*^ iy-^l ' ^ (Jj- 56 -" I <j " I » >■ ii— AJU! 4_j_u 

(j^Ls-J (Jj i<l j f ji_>JI Lj^UeJJ ^IjjJI ^ol_jj_jJI ljr £ L2_j i n a ^oj_j^o 
J j^-jJU I j J 4_Luj|j.jj jJLcjj UI u-iil I J.J (j_a j laj '"' U"il J_u itLui Ju>JI 

(jic Uj_j-c. jjJj 2_lLs. ■ 2 c j >i 1 1 2 j I->J1 jj ,Jj . L^jLLljv <_"ji-i p . ..m uh c 

^-l*3 'j I J • L)".!*" O ' ^Jri-^ (J"J *J O ' J 1 <3 <^~J ' I (j m-flJ 

^ _ «bj.jj.s 3Ji_u ^ ji; U I j «Jajf j»aJ U 3 'i n. iU 3__^c:j^>J| Lj>L>JI 

jO Lj}U"». (jJJ cJj) -r * 1 _ .11 ^JSs j! }L5— a 3__j_5_jsjJ| SjjjJI u-J*3 

... t l>*3-J f- 1 '""'J.' 

La (j^iSij j! j| jf ^L-ie-JI <LSjj_aj K. A. Jackson jj ./U. o^LI 

<1_1>JI Jj->tj (jjSj j! Mjjjjj-iiaJI (jjo (j-"jl ^1 JUj ».'rt<* (.jAc Ulj Laj? tfl-jj_£j 

2_j_u ^ 1 ^ " r I jjJ 3^*_L*jj Ljjjj-^ (j-ujJ ii_JS L^Li. jjJJ jajdJ 2 S mi i U 2_lc Jl^>JI 
,<Jj .Heart attack a^Ia *Uj! L$] c^jl»! j_"a cAK . 3JjLa 3_»_^V 

ilLLJjjI ,L*-3 Sj-JuLj-a i— il ik-iIJ i. i ^ 3_lC j_>JI Li^LiJI jj_ui£L>- £j>>J 

^jJI (jljiLAJI 4 j r n't jjl Jl>-J j^uUul i _ Y J^-tJJ .^1 U<ll ^^Jjj L^cjjj ^^jjj^lj 
£ya 3 il u<aX| ^jULUI (j| Jl>.j <LaLj*iiII ajui sU-dljJuj .'/Yl ">U>JI J_l"s (_Ac O-IljU 

Lj>UVj Sj^sUJI LMJJI J!u 3 i r, i^Vi a <_JS Lj>U. L^j Infarcted area <_i2JI 
3_iLiJI Ujj ua a jl <j Vascular Endothelial cells 3JLUj 

ciis;L>. ^pilj - c-il ir^U jLill |»LUx. ^ (jj-JI - 3 'i mi ; 1,1 3_<_c.jL->J1 

j^. i flj£ ijl j mil I Jui jJI (_yJI jjLpJ Li&j S ^' j^s-T j> Ua£ (jja 
jj j^lll j j»JiiI 31uJ.ll S^lc JljJI SjLiJI dJJj jj^ia ,jJl LiiL- (j- 0 A "' 9 ^ s-^" 
j^*=<l m Ijuk (j ii jll U»ll ijjLi lL1[1& — ' -J aJI (j^. I ji j «_j |j_j_<j 

mJj!>- i U i ujj <> 'u t a £ LLu (_5-*J £l -i- c -'- lL -? , -'l £l -^> , -'l 1 S " i n" CjIjL^iVI 

Mla ^jJI U>Li. (^JJ j»J-U 3 'i m. i U 3jcIl>J! LMiJI i) jla JjUwj ^ I j Uli ISjMJui 

jjU <J ^^Ijj j i^f 4j_a ^ miI Ijl J mi ->J I J" a ^)) j«Jj^J*! LlIj_ljjj Jj-Sj !*) 

■ «(j-a-jJlj j <j i jJ L »1 i*->f *il 
4j| i Ijuk j j i ii aj (jj i ii ^U^- jjJL^jJI liiljuSj LiLiJjjl (Jj_Sjj 
i'iiit i *3j Lj"^U>- C^aljJ C^jLaj i4 j A**JI 4_aj*^Ll t_JLSJI i- ij i^-il LaJUC 

,_U. (_gjJI i_jIj^>JIj i aJbJI Ijuk jljJuLc. n_Jj^s.| Lj^Li. CjuLibj ?j 



ljr £ ' . JLaJI - 4jLi^>VI 4_2laJ_a ' J "*" a (jr^ ' " a <J-"^ j 1 La " <" 1 nl 

JUjusJI 4£LLa_a *be_il j^l«j>. j»Jl!I jjj^la (j^. j I La " bjjSLlj _ <LILxJI aJ-lt 
J 1 11 >JI 2£LU_a aI LajJI ( _ ;r Sj j»b baj .t_fll >bVI 2_i_ «I J-lUj 3 t miUJI 

j! w » j-jJaJI «uba iajlL! 3 S m, U I 4_i_c.j_jJI L}b>JI 4_j_3 Libof (_gjJlj 

t Liia-C 1 (j-a 4_i_JI i_j_j£LiI,l 1 . JLaJI Sj j| u^JI 4j| t" 1 nVI diljLil J 1 aj 

jbu j-j-C 5Jj n UI CuIjI iu u/VI <iltUj CuIjLiVI lilbJ <_ mt* mj i2_i_Jl 

3 j r j-jJI 4_jlieU j a^l ^Ut'ij 1 t-l 7l 3 <_ ;r -<i CjLu-^sJI 0 juk J o «-J-3 i^J-II 

(jj_*JI J I 1 nj ,j-a ( _ ;r j_ij>. I j if'M <" 1 11 1,1 ^"1 j f I . . . 1 11 a ij «il i» i4j^_aJLll 

JJJL^>~ i _ ;r Lc S ^aJ 11 -1 liill 1 1 eaj (-? -J-^>- ( _ ;r J-a>jlj (_gj_^>.Lkj iSjLjaJjlj 

,Smooth Muscle <_..LaJI L}bi. o >. ^JJ (jJj— >o ^ uaJll 
L}bJ*JI J-=«^-a j^L». (<u Cardiomyocytes ^ascular endothelial cells 

... 4_La jjia Laj 4_i3 i fljj LajC sLll^jCJ i_iJL2J| (j-a d-ilbllj 4j_lU 
^UajJI Jib (j-Aj ^JlU aiutlll 4_j^jLj>JI UAiJI j-jU^J (J bU. La! 

j«J Ljjf ^jkj _ Jo^ ,j^o Lj^ _ 2 U , „j Sjbv^La j»jJJ SjjiLa Lj>Lv ^Jl 

J'v uiJJ . Lj^bs. ^1 tL>-L>. j»jJI (j I Jj-flJ <— 1 i i" 1 11I jl «JllljLi/1 Jj flj 1 uJ 

. l^lLuu ,j-a J^ w La «3 4xjj£LII 3^ jl>JI 3_lL>JI Jjl! S Cy f^- 

^,111) j»JuU 3 'j mi UI 2_^c: jLjJI 2-jlill bl : Jl J-lbuJ JL3 4jf JLu 

JjJUa. f \ La ttl I |j i U j-a (j_a j^>-L^j (jl ^jU" m" (jl_iJI C^.jj 

Jjiij V bLa-b !t_JLl!l L}bV ^JJ JjUli jaj <_..laJI SULiac ^ S^iJbJI 5^U;tl 
t^^Lila J< miJ j»LLajJI ^yij ^ Sj^jll j»Jli! 3.LUU.U S_^c JljJI L>bWI 
(jlSLa mJ? ^ J? J_i£L!l ^ j? 1. .1 iUI ^ e.\ j^a i_jl_^aJtl (j^-l >-<-±-~* JJJ 
SjljJLj». 4_i_c JL>. Lj^bV Jij 3 J o r ^1 ^LLaj V ililjuj 1 ..->JI jjb^i l _ J £s 

^jdJ a i i^ll 2__cj^>JI b>UJI jjlc (jt o^. ^k-^lj .^L^JLI jLAJI ^1 

O-a 2_iLs. i_kJ! ^ 0 _ \ • J^ ^ SjLjvl j 2_ib\ Oj>-jj JbUI Jj 1 1 .1 1 Jjj-3 

^,1^. (j. 1 ^ 1 'J I j-* 6^ j-^Ij-IIj • -^i-^J-" ^J- 5 ^ l— tfj^ lS^ 'f I LajJI ^ L^bi. 



a^ckaJI'ft. iItII 



Lj^Ls- ij^" JM^-!MJ 3jUJU>. 2 ^ L^litJ £-3JU*l ^Jt 3_ujLjiVI 

I 2 Aa i L^Li. (jja a_jj| ^LLjxj L«-> i ii i tl JUaj ij_ikJLll I j fljjj (_^-jJI i u itl 
3_il>Jj 2_LC.ju>JI 3_tiitl! iLa^ia J£L! ^IjjJI ^aLjj_JI ^ (*J-J-M J}^!^-! 

4_iJL>. (jl (Jj-Sj ' . JL2J1 L^L>J (^IjjJI ^aLjj-jJLa .2jjl_»JI i n itl 

. ^ m flj gj-JI (j-a 4_dA- SjVj _ ij flj I 2-j^_a_*JI cLLs~jJ,l Jjij _ dJLLZj 

<j^j^J_a jLLa Ijuk j-31 I j 7- a I jj J (jP-H J 'g J miil ju><JI 3 jl -»J| 5 U , „I 

1 n j 1 n i tl L)^L>. (jyi-G- < 1 .> J> - CJJU»o (jl Lal i i ^ r 3t_u_LaJI IjUk^ i 1 n 1 1 

j<sJ IjUgi 1 Ljj_j_2j ^ ...Ai C-JsjJI ^3 L^L>JI (j\j^J_a Lg-La C-i^aJj i^JlLa i_JLSJI 
JLJjVI «.Lu? ^ 2-j.sL«_!l 2_iLiJI 3 j r jujJI 2_tii»JI g-aLi j» 
d_ajJLa L$j| <Jj— Sj d j r jujJI d jl -sJ| ^Ss (^IjJ g-aLijJ JU^-jJ V .jaJjU-ZJI 
lj^>- j\ i L^JJ-a 4 t-l -»J (j-^ij t_JLSJI tJJ £ d_fl]Lill L^LiJI <j^J^La j^yiajjjijj 

3_t£: ju>JI 2_JL>JI (jl JjJjj d-pUJI LMiti! (j-jIjj g-aLj >j j^-jj 

C-lLI c^>Vlj i fljb tl 2JU>. I <j i a L^LiJI (jAJ^La (j-C SJjj 1 n a 

iJimtH j»L»JI ^IjjJI g-aLjjjJI (j uSLc J jjU'tl (j n^r (jj'sj 1 .1 Ijuk .SjujuiJI 

<_^i>. ij-piJ,! (^ Ci j i" 1 n"i (jl JU*J £jL>JI (j-a L^J gj 1 11 itl .lljLal t^-t^tJ tillji 
^Llsej JUa-lj (jL/jLjJ 1. il^ £^1-C (jl I i«ilr lilj . I gi a Sj_u^ Sj_3j 

■ C-clcJI Li^j/V Wju»JI LMiJI (j^J^La 
t(jl 1 11 )VI (jy-Lil. (j-ilaj (_3^_i_u ( i7 l£. ^3 j La j 1 )j-^>- La (jl (J3J2-1 (jl w A .j^ 

Lj>UJI ^ (jl^' £LS iA9 ^ M - F- <Pittenger j^Hj J.^^. jrev dilij 

j<u " ■ ilSJI I_J^>L>. LjJLaj ei . ^. . A, ", 1 1 Lj^L>JI ^Ij-il (j-a JlJJljlII w La « j j jjLalu 
L,>UJI (jlsjjtj Lj>L>JI ojuk (j! IjJljv^S i2 j jl^ S^ojLi i_jLua-a jla (^ Lkjiiv 
( _ T jk C-jL^ (jhJI a o V i>i"it,l i_iiSJI Ij5L>. Cjj-o j_Laj L^jl IjJljvj La^ id_aJLlII 
^>rH*- 6i9^ (j-* <J^ L^jl L«-^ iajL^ill ^1 |»jJl^>J.I L^-SjjIs (Jj^-Vl 
S S W ) 1. ali^r (^3 4j>L^3 <_ . j 1 n* ^1 jrevVjSLIl 
(jl_<jijVI (j j j U"tl JJ-ta (_^JI i_<J^5e-ill Jjis (j-a CjL»jVI ,Jij (jl JUu 

^i_La^>- LaJLa~ jai^tJ o_La_*_a C-o-LJI jl jaiLttl (jL£ ljL3 ) Ij j 1 nj jjjijJ 

t_JLSJI gJL«j (j? (j^Uj i^jdJ 4jjXil 2JlJL_lJI 3 j r ju^>JI L^LjJI ujua> (jL 




tiJjJb O^ 5 * (JT!-*^ : ? , ^' <*1*JI 'j-* 4la 7iA\ 4 1 utj j-a^l oi-^ 'jL^a-t Ji^?*-" 
4 j r ju>JI L}Lk]| <j_a JJLC: ^Jl ^Ll^t-J ^J^jJI i_JL2JI (j? li^LJI 

j_Lli»J.I ^ 2JJLJI 2_L^ju>JI LOLkJI (jfj iujj>UI (^Jl J-^oj ^ jd! 4JLIUI 

( _ ;r 3 I j se -^J j&^-il Ly^J ^J-d-^-^' -5Jk—*JI IjUk (J-ua-jJ al ■ ■■ S )VI 4_j_«_uo 

oJUk j «1 " 1 1 "1 i_3_j_<_u cJsjJI lSLH ' Li^LiJI <j^9 (jr^^-^' *JI j j 3jj 

osyi sambil louji <> 2^^^' Lj^^JI 

^jJj i_3^-u i2_tcju>JI L^L>JI 4jC.ljj ^1 <_JL2JI Lj^Li. 4jL^I j_La w ■ a 2 < 1 1 
(_gjJI j_ aVI ii_JLSJI Lj^Li- ■ a N ~tl <.j-^>JI *LLj SjLcJ 4_d_«_c. ^ I j I r 

3jj_c ( _ ;r ic 3 j 2 j 7i a- 3jjU J*C ifuj 

jj-o 4 :vjja ui I o (j-cSLj V jJsl jJI J j ii j ii =JI d K luX\ (jl 

SjjSUI ajiJLJI S_«jij^JI LOliJI a ] ^ jj^j I flKtj JaJL^fj ^L^l jJLal 

djl_£ i_!jLj3e_lJI dlij LtjJ ir-i a (jL£ CoaJ._a- "1 1 nl t _ :r !lJ1 ^JlII 

Not homogenous Lutjj a^L^Lo j-j-i (j' » j-* Populations jul u.c 

Lt}L>JI dJJj (j! (_gt i^^aJtJ J-a d 1^ HJ 4j| m i "i a j-j-C. ^IjjJI I g o^LU (j! (_g! 

J-2-S (^LlILij i4jj_jjj| 4_3j|j._*_a j-J-C Cj-iL£ ( _ ;r 3 ^>L«U ' " ■ * 2-a» (^P-II 

n 

S_ci 2 K uu <i 'S dJJjJ . J i,i-*J1 (j_a I j ta a t J LgJ (^£.111,1 jl J >JI Jj j»J^C 
LljLajVl ^>Lc (^3 3^ajLir~ m U SJLlLJI 3_^ji_ ? J| 4 jlV U J 1.1 ->JI 3 a jl 2 aj 
L^jf Jljj iSJLJLJI S^ijLjJI S_lL>JLi ^>L«iI >l_3jj(-o >Lol_£: j j "n "i 4_i_ii2JI 
mi" a (jjSj 4_iJLi 4_lc jus. Lj^Li. Ooa Jiir "mil Ls I j! Lg-jJL>ij jjSLaJ 4 K i"i a 

. 4j_^J I j j J 1 n 1 1 «13 jj_»^o j I Lu I j j 
4_i£: JL^JI 4_L*jti!l 4_iii. ^ Jj'-^J J,^- tiJLu* UjIj 4j? VJ 

^yij ^ I c^j? Adult Mesenchymal Stem Cells (MSCs) 

SjjJa LgjjJ i.", j i" 1 n U (_^^-3 .4_cLiII 3 K 'i t (Jjcj j ui jj ijJLJI ^1 II 

(jl U" i uJ Ljj| La5 4 ua i^V'tl L^LiJI (jja JUJUlJI ^\ JjLaUI ( _ ;r ic «j-u^ 
.0 ,A ) jjj, j»L»JI I ^jK mi j 4 h A" -^_a SJjLaJLa j-j-C. SjUJLc (JL_lj>.^ JJaJ 

^t5>->- O* p'-' te* c?^- J-*-* 2 azacytidine - 5 ^,«1 m3 S^La 4_31_l^Lij 
(jja I |g t i «i_t i_g jJlj — 4_^c ju>JI L4_^Ljj_iJ.I Lj^Li- cjLLljv ^-jI_2J1 ( J t lj_iII 



V ^-jjaJI J I j'" il_j}L^>JI (j-a SjUJL^JI JK u/Vl JUJLjJI .-. Lac ?J 

^Lalill «LLuoj 4jc JL><JI L«j£Lij_dl LjMi- j-J-a^J • i_JLZJI SJLiiC. 

2JLia_c. Lj^Li. ■ * ■ La c 1 t_JLSJI tJJ £ I Aj 't 2 a- (j-*- 3 "- I j 'l (jr-" 1 -*^ i(__>^L^>JI £-3j-U 

a_J! o*U- 

l^>- Ij mi j a (_g jJI j-a^l . J->-^ (jr^V i" j»LLkc (jr Sj (j-a L^L>JI 
'Cr^J ""-^ e^ c ■^-'-'•' Ja-iiJI 4 K ui a ,j-a <_3a-jJI i.ij r .i j» I .J I a ^L*JI 

2-ajl-J (JjijULj i. ij-uoj jl 'Ijjl'a, CjLajLi 2_jL^!vLJ (jjljj jIjUiluil tjr-*V i"i 

Human Embryonic stem cell2Ld;il»Jl2U£,JL»Jl biGJl _ Y 

1 j-aJLa-" i n j ja^_*L>. (jj(i->«j (jj^ivLjJI (Jitjj joii . 4jI uaJU i . .IMI 
jl_t£. ^Ij-^* (j-a ^--uJaJ 0j}_£jlu t' lL2JI ^^y-uaj—a £^L*J 5^ j i ^ CjLj-cSLi 4_j_CJL>J1 
4_uijL^>JI (^Jl lj*LjtJ3 .j j ~. -^1 ^ jtt^J 2JLJLJI 3_u2.j^>JI S_;JLi-JI 

(jic I ^ "j $ Ij L^>.Lj SjJij »L<-a^v- Lj^L>JI J- x - lj ' (jr^'j 5j^-ui_l1I 

mi l U, VI ja^J <^jtjJ («J liJJi J£j • <J^' (jj i .i o~U I gjj) I J*L»- ij^ 3 )" 

iPluripotency tijIjjLill Sj_aj 2j i^L>. I ^ ■ (^i^j 5 -i s a djlj_^ ,j^a L^a 

(j I »^U" , ,," Lg_i| (_^L>- j-jl— «-JJ (j I 4_Ujir>JI 4_^CJL>JI 4_lL>JI ojuk jj-uJ w fl a 
jpj^»J I '"'l ^ .Utl Lfcj J-u<a^9 (_y^Jlj 4 ' a ic ~ 1 , 1 Lj^L>JI ^ljj-il j-j-«^>. w La «j 
' flJbJI ^^>L«J I i j a I j ' a Lgjj^ p «_i »1 a-L«JI (J-«^>- L° J-*J iCJ^Lill d—iLujJI 

^yibtJI ^i-Sj^aj Itskovits - Eldor jjoJjI 3^j£L^j? j>^jl!I ,3SL<u J-Si 

2-LawVl 3 ^ j j mi mi ->-Vl 2_l1iIj>JI 2_l^. JLj>JI jjL-oj^l L>Li- Jj4^»o (j-a 

L* j j ua a ^pJI L^L^JI ,j-a liLmjj i (Ebs) Embryoid Bodies 
L>L>JI i>juk (j^sj .^ oA ^ j_ili>J,l ^ LdJjj i2j>Li!l S_i_a4jj^>JI 7i jUtl 

dii a i »ij ^>l> v" i ..i (jj^ts _ Ijjlj>.j £t_c>.vi jg j i mi mi -v-^u ajjsm 



iilnll uaI jo\ g 'k 1 1 r \ 7 II 'k 1 1 1 ^ 1 1 



u. 

^ tLSj^-sj L.Kehat --'l jj< jLt_<J <±<_-».LJI (j! j_u ,Cardiomyocytes 

JUJLjo ( _ ;r 3 J}- 5 ' IjjL^ Llj>.jJj <Su 1 1 (_Lulj_tul _ ' j « o ' Y * * \ j»L*JI 

i<Lc>.VI ^ j j j uu aI i I j -ilc J ' a> tj-^' 3jj^>L*JI L-JL2JI L^Li. 4-LikLa 

( _ ;r aLci]l 4jL-j^ i _ ;r 3 cJIjLa L^Li. ^^Jt 3j^>L*JI l_xiS.il L^L». _)l ^-—>jl it-p. 

La _a_bj ,0 TT ) <jjjU"tl Lg_L_L_- 3_j|j_! _-s L}L>. Lgjf 't-JjVl L ^J_»-1 

l_£J ^ i .1 i II _Lalj__ *L_J 3Jjj i n U __Lj_>_I c) j Cjj _a___e_L! 

S^SLdl J__l jJLI ___ VI 3_i_i_l ___ jl^-jj V ^IjTranscriptional factors 

_>j|j nt-i j iMb ijujk 4— 2jj_3j di (j j 'C -dJjjj . I (j j aLj jj-a 

_-L- ii -ol La^a 'JJ t-wllj t _^L__U d j l-sJ| j a r ___ i t-i j iML 4_jJ_>_l 

JL>J,I I ju- ___ _?j i^<^ 3_i___>f m! j II S-tlti^JI 3_^j_>_l L}L>_I 

. Oj uu a I {j I < -wj 

-.LajVl £>L«- ljL_». 3 j i nila 3 j ij r-*JI 3_l^ jL_>_l 3_JL>_I _)_<-*. La La? 
«1-^- 3j_L_ L$jj£ - 3j jliill 31 i>i ttl L!M-*- i -lli 3_*_i__ _ 3j jliitl 

Ctiu mi U Ji-ta ^1 mi ii'iVI CJ JLc 3j_L_ l 3jJLJI 3^j_>_l 3___L_-j L}L>_I 

L^-t-C _lj i___>JI (j-G-j*.LJI (j>__4_ La^a i Ll_>. £ *-L>^ 3 *J "' 1 j_j_L_>J,I ___ 

l_l I . . ~ ^ t 3j ASJI __Laj^l £>L_ 

<—J iill L^Li. drv^ ° c^l " **j ^- ^ J^>-lj o^iJ ° ^^L^. (jl I i «i lr 

3jL^VI 

3 —I . * * ljr s u uj I c^Sj i3_>_c j >Jl L^LiJI 3_cljjj 3_j_jiSJI 3_ajVL 
3 >jj^JI 3 j_l3 jJI L^L>JI u jigj sLLS^ 3^. (jLa illl jJ i^!^-^ VI ^,1^. (_>iajp.l 

(jLj (jj aUj jl OJJ » "'J Oj 1 -^' (__>^Le_»IiVI *Vjjk (jj se i a ij (jjJL^-L <LaJ 
jjjjJI jf dLielll j? (jM^^JJ JiLa l 3_ul3j| djLajVL 3jL^>>U 3_tljL3JI ja^JJLl 

j i ii A'i LtsjJi-L^ (jjjLij jJI jl i3JjL»JI t _j£ ij^j^z c^'jJ jiJ^ p 

LaJ_3_a d j r ju>JI ^«ukLj^Li. ^Ijj " i iiL) (jjJL^>.LJI ,j -t- i k^i i j t3j a" i n a 
di«L>. lil -v. 3j_i_j^ di L -a ^ J 3j^ljJLa ^ J ' ^ i " 2 M I (j I < a-J 'J-^-^*'-'' ' 
_ 3_i£:ju>JI uL^Li. _ OjL^ m -*JI ^ mJj^? J^Li^s (^f j?) 3 nliitl 3^jjVl 




tfjjjj (_gjJ! (^JJ I <jl « > cUvLLaj Lo (J^j k_JJL!I 2-yJ«-a 

..b>UJI (>. 

. jl jjl (JjjLj-u OJ- 5 (j' 0 '^^J-L" 'Lj^ej^s (JliLoj^/ /a^J^lja (jjj-H ( _ ;r u3jJU 




Lj>UJ1 (jjfc _ 4K j_iiJl (j^b-LJ! L^a ^1 
(HSCs) Hematopoitic ^JlU <LL«mi a_j^jLj>JI 
J j i n j (jrp- (j^LJI c jJja jfj Stem Cells 

4j (jj— c j j "m jr^>- j' — °- 5 6-° l>^V f<3 

• JL. jl JK 

J£ j»jJI Lj^>L>- (j-o CjIjLlLo ^ la «jj J^j_«j n-d J i .i "v 
<JllJ « UI J^-3 i J-J-JU Jl^oI JlJuo liJ J i ii -w f_j£ (jjb 
Lj>L>. j^JJ Ll>Jjl_4J j I «I ih flj| diil Jjfc S I gj 
Cj_jl_3 LS_I1 1^1 ol'g (jil 5 d ii^ ii-i V" a j cLcjjj_a 

^J^l Jj-2j La£ uaJI (j^e-i Jj I 'm uj gjirn V 

iiiila Jj i n_i Lc-L l j > . dLaJ ,jj(Jj iO^>Lc. ^^3 J^. 

.cLl!I ^Li^j (j-o ^1 4_La M-aJU »1 Ur I j»jJ3 



'^jcjjJI'kjJLaJI 



(*) jgjJJ 

(j I (jjJ (j-a - 1 (j i a «Lulj^JI L-oj i _ j»jj| (jlalj^al jj^. iijtajj (j I t*>~ r n 1 V 

dJUs .Hematopoietic Stem cells ^jdJ a S m. UI j^>JI a_iLiJI ^ cjjL^ij 
ci^P- ! LoLc tji . n o-^ 1 j^o jj^I jtio _ (JL>UI Ijuk _ (jj!l>.LJI L^jjlj 

"j 

jl_£_>J1 ^* 'J (jUaj-t-oJI (JlLa ' *j J ^ > J ^JtH^ (jlalj— a^/ L>*^Lc Cu-ajijr- j < n I 

LaJ? L^jj-ajL^r" i ii j I j-jJaJLlJ . 1 _ysLi. jajJI 1 _p3lj_a^/j i^^LUI 

n U S a j j»jJI Lj5^>- (jia«J - 1 _^sl j_>JI lLUj 4_uil_a (JJjJlJ V _ sL^Li. CjI n ir-i dil j 
jjjlj j-^a *L_ujI (j-a . -3J-3J Jj-Ij 4_lC Jl>. 4_lL»- L^jl L)JJ-lJ ^ I ( j a .' 

^ aj_al_£ 3jJlJ3 L^jjJ 2_lL>JI dJljSi 1-4; Jl ^ > - VI l>£jJu jA^.L|JI jf Jl_u 

( _ ;T 1^- - SjJl^J.1 4jJlJ^/I 1 <j "i a^j ^y> L^laja^j ^ys it-iS q JiJp — (_plj>II 1 (j aUj-i 
i flj**'^ 1 1 (j J U «J L^jl fl^j-a (j^J f»-! '4 ua ir^i V" 1,1 L^LiJI 1 j J a £^4Jl *Ua£.l 

b>u. (^kju j! UJ ,a n i- U I *jJI L>Lk! a 'i, ^ U I j aVi a^jJi a_JitU 
<j_a ^.jdJ a 'i mi i u aj^j^>j| b>L>j| ^ ojA\ tfjui j>ijVl j^b-LJ! ^ y «T 

oiaj )Ltt-CI cJUaj i ^ j" C (JJ-C- '"'J A "'J d J "~* c iJ^J-- 0 ' ^li-^l C^>Jj_«J 

<j-«-3 .jjJUI Cjjyi j^jL fjjji J£ 1 jjCJ ij»VT olaj JLaT cij_1Sj jLi-u! 

(jjSj J^-S L^Li- (J^e— a (J->>->J j-jl a "" q\ «JljJlj>. Ij^Ls. (jlSLaLi <bl mJjJlJ 

yl> I jui CjJl^cj jl (JjJtjJ (jLj? 1 j^aj i4j ij i->JI Si mi UI ljr £ 1 (jir LaLaj sLitica 
aiAUI 4jc ju>JI L>L>JI Jjj^J CjJo. JJS j^a U jJi j LaJi Ijuk j ij»}U.Vl 
L^Lj^>tj jj^-CJ ^^■'•^ ^^-^ j' <Mjj* 3 i <a i «a V" a tlj j i^r Lj^L>- (j-JI ^jil 

i 5 j j i^r Lj^vLi. jjJI 2_i£.jL^>JI Sj < miII Lj^^-s- JdJ-^ j' '^dj^- 5 <jr\ 
1 ^tl*a- dilj-Laji jjjo jajiil 3 'j mi i 1,1 a_LC Jl>JI Lj^LkJI <b Uji ^j-II tjj^-j 

(jjj ^LjU>- i fl^ij 4 j a i»^fl ojui 1 j-a Jlj*J l—a tiJLui (jSU i4_»^>L>. 4 t <i i»l (_ 1 1 n 

lilj m?! ^ VUj? i^jf V (jjLSj .J^jiVlj j^jVl jLLaJJI j^Lc Lg-aljLJt^J 

IJok ^a 

i,_)-ailjiil o joi Lj^jj^ iajIi a 'i mi ui a_^c jlj>ji 3_lL>ji i $~ >o ^jjuj ^jiii _ t_jLjSLii 

il ^ S'tjj ^ 1 inij 1 (jir i " m a 3 j ib^LiJI oSJl 3j^L>- lj-r!-^ 1*3"^ cA'^ 

.Hematopoitic Stem Cells (HSCs) (*) 




JjUjj V L^jT L»£ . jg*f..iU flu, SjVI j^lc SjjLa j^i: In vitro jilidi ^ 

<j_lLJJII ^ . Lij^i L»£ Ijuk j _ 2 ua ir-iV"l,l Lj>L>JI (j^a pl^jf j^JJ 

.dili (jjiSLc CcllJ jr>*J jVI tiJLuk j! L«£ 
^ i5>>-Vl LMJJI j j»jJJ 3 S m. U I 2_uc jl»JI a_iLiJI jjj j_lj_*uJI 2uj < ua .T 
3jL>. diVjL»-a Ju>.jj <ul Jijj . L^Ij-c Sjjjlj^s ^lllILij i^UojJI (_j-2j j I jajJ! 

ib}L>JI (j_a L&j_t£. (j^. JaJLa (j ini ijajdJ 4u mm U 2_lC ju>JI b^ljJI 
j i C J ^ iji->JI ( _ ;r Al_LlII (Ja-lj-a i aju ^e-a 1 1 (j mi n I (j£. Lij_L4J (Jj 

J-J^p- ^ ^jt~> ' n II (_ylll diLajjIjJI 4t-i i nl^j L*iljj t( J ni-> ll 

J>Lv^l ^ j! £>Lc. ^ JlU 3 'j mi i U 2j£. ju»JI 2ul>JI ^Ijiiel^l 4jj<ir-i _T 
*ljj|j 'OJ i " 'J^jLi o^J" 0 (Ju-o cLLji-a ( _p3lj^ol 4-oJLlII Lj^>L>JI (jl£Lo 

, j ^jjuA\ (Jj^>>JI ciiLilu^slj (_gj*C i ntl 

(jjISLIl J i ii-v f_jj£ A if~i i r-i t "i a lu!vL>- j-jl_«ujj mi ii i" ^jll 3 'j mmU d-UL j^JI 

.In vitro <L».jLi. o-o-Jj In vivo ^^.Jl 



L»iu>. ^ Mo ^UJl a'; mi UI a_L^ju>j| a_iiiJLi jA=-LJl a^jj«^ j/\ ojK 

.frl * mi^I (j_>a Alu-s-a Ou2.j-_>J I j^Jaj-JU (jj jJI (JLa-JtJI (j^ a! Lag (jr^- 1 ' J-^J-^ 

E. AuMcCullough ui^uKU jj^jJI 3 J. E <Till Juj jj^j m • ^UJI Ja 3 

(jlj_Si j»LLa£. ( _ ;r Sj L^lII ^L-Sj j«J ii)^H>.J <lt'u jljj, CjjJsjjU (jljjLil ^<ltS<ll (-;r 2JLll 
(_jjJI * (-? -<ilII ta_il ir^il,! (jlj-Sill «Lp. I j^Sjl (j-Ls- «LiuiJua «UaLjlill C^jl£j .d <ijl i n 

jJIjIj (jl t-i" i .J Lj!>L>JI jl auLkJI Jaj i^ILi L^jJljI (jl t uaj 1 <ig U-v 

|»jJI Lj^li»- -^tH'JJ 

t-i<" (jl U" i n" IjlSj < Lg-m-flj JJlj>u (jl ^jU" i .i j _ j»jil d 'j mi iU 4_^cjL>JI 

.a^tidi ^jji Lj>u. ^i^i? 

lu^L>«J I j-i-*uJ (_pJ I i <Li^3 l_>J I o juk (j I (Jjus. I Sj_ji (j I (j^o JjVj 

Inj mi-*JI ^ Lj>L>JI (jjSi U-Lp. * La «JiiJljo i^jJJ aiiiil ajJLJI a_LC jpJI 
iaJirtJJI tfjuk J^>. diljj Jn vitro j-j^JLI ^ i^l "^jLi- '-".i.ntj ivivo 



.fjJ! Lj}L>. g-j _ojl w ta «J t JjLalll Cr^- *J JL ^" W 

^1 Homing L*jJo-a (jJaj-a .^1 t\«H ^jLi ,j_a (^ic- Sjj_2JI L$J _T 

. Apoptosis j-oj^il c^jX\ a^Li. ^Ij^JI L^oLijj ^ _ 1 

j-^i-T £j— i (j—!! J j se "t l (j-JLc Sj J l!l I gj - o 

(jj^ia (j-C i*G_a CjjI J — J u±jj\ £j— j (j — C. LaLaJ 



. Plasticity or Transdifferentiation 
JjLaJS L$jf ^ ^jdl 3iAiil 3_i_cjijJI Lj}L*±! 3 j M.L-uVl 3 AjkjJlj 
M. C. Mackey i^l^U j>£.s jj^- osj .«Ij-a^Jlj »1 .^ntl L}U- ^1 

,^jdJ 3 'j uuX\ 3_|_£: j_j>JI Lj}L>JI I |j jtl p > ,i £ i" ^jJI iljLal r, i ajVI JJ_c 
3jUt a < La I <„ei'\\ ^ "\j W o^J La ^JJ < L$cl >)L f.jJ1 L}Li. (T^jV 2Laj>UI 
jl J— a 3_tii- V Y • j W * (jrt-j La 3 ua . ^. V " a *o Lj}L». liLIju 

(jjs jjV ij»jJI L^L>. ^I_ajl j-j-«^>- LOLiJt ojuk jjLjiu t; ^LI j i~i -»JL 1 

f_jj£ (j < j j U (J*C i"m 3.5^>^aJU dJJj^ ij^LaiLIj j-a-il! 4 ua-ua-icJLa CjIj fl-sca -i^>-J 
j^Jc Ji^l_>u (_^>- J-J^J (J^lPj (ax.Lu I (j « j o -v J-«-«J i(_^-><J! (^5^-11 

,_L«e£ i L^j tlLs^aJUI i_ijLIi_aJLi j»LuilJ i_sL^ JJuuj tjlj o" i uLj LOL>JI aJJt -S^a-j 

. jJI ...3x.LUI dJLuj (jrya: 

i^jil! 3 'i utlll 3_i£. Jl^>JI 3_lLJJI 3 jU r J^j_»j cj^*^ a tiJLl& (^SLI 

: L^la Jj i^->Jl 3jUr (JjSjju ^LJLj 

j»jJI L>L>- j j j< jlj- ^Jl 4jI mi Ti ^JlU 3_lAiil 3_i_c Jlj>JI 3_lL>JI .\ 

dLuajjJI «^lilj^ L^Li- Li^jj uai» t^UajJI LOLi. jl (Jjjs^^I 

. I (j* a d^jLiila cLSjjJaj Cij 'u < n U i-Sj i 

j' 

^oj (^f i5>^ t 3 aJj -^1 3JLJLJI 3j£:jLj>J! L>L>JI ,j-a JjJljJI Jl3.jj I uaj? _Y 
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a^al , „r,vi «j l^jjJ ^i ^jdJ a ^ iiiUi a_L£. j^>ji 2_AiJi j! _v 

J£ (^3 Sjo.1 jj i^Ua «Jl (jil 2_lL>. di! ^ 0 _ \ • J£ ^ SJljvI j 2_lL>. 

JPeripheral blood dj^ajJI SjjjJI ^ a_ili. i_iJ! \ • • 

«Lu^jj jji i^ajJI Lj^li. (j^a L«jij_LC. (j£.J h_Jjl>.^I (j£. LuiljLJ»-! LuijjJ-all <La|jiieJL-dl 
1 A fi~ ml (jjJlj il-$ia 4_Ji. J^^tUmi Jj^a ReCeptOrS S-tiua^-JI Cj>I i S" mil 

j^L 1 i^jf L# ufl jjijj SaliJI L^j i_3 j^j Markers cj! a ml 3^ jf cjl_a}L£ (j^i^LJI 
Irving Weissman jLajjl j jjyi j! JH4 *L1*JI <ulc J*£. La Ijuk Jj^Lij .^Lull 

2JjjJo i3_ic Jlj>JI SaliJI j_u_«j-!l ^ dlLa_Lj| _aj| ajui I jJlaucI (j-L>- i4j}Lajj 

jj-uj i^Cjjjjlj-lIl) j-«-»JI Sjj'r^i^ SaJj^/l lLHj (j^JJ 1 1 <j ' n n 'l JJJ^J ty-^- 'J-**^ 

L5Ls-j i3jljJl«JI ^UojlII ^jlj Lj5L>- i>uj iSjjLooil |»JlLI 2*1 mi UI 2_<_c. ju>JI 2_lL>JI 

jj^auiJ LiajTj Mjji-Vl Lj>L>JI £±*>. I j£j t »l i^ijiII j»jJI Lj}L>. L^j^ai. ^jJI 

juLa-JJ (j-L>- iL^jI j 1 (j n Jj - JljL^LIILi SjjLaJm J-J-C. - «LslILi st.LC.ju>. <l1>- (_gl (j-Li 
^j^l Lgjl a miIj Lgjl ' S flJ I 3 ' a ' a 5CJJ LijuLaj (jl jl i4j^a-i<ajej-a st-di. ^\ J[j^e_uj 
jjju£.j 1 JjJlj>JI 1 i nl" -»J,I L&j^Ja ^ Lij-uu «JjJlj». mJj^s-I t— il a 1 tilj (_,l-n"l 

.mJjls-I *Laj-ol l^ jlr (Jli^j 



CD8 CD34 CD59 





jjSu (jry>- 'j»JiiJ 2 S ilii U 2_l^jlj>JI 2_lL>JI j! i\X J< ,111 ^ (jjj La£i 

Juu La-Lu iCD59 J CD34 JLill Jjju-u 1 <jia t ol a mlj J-9^xj i3)_Ji_9-j-a 

CD8 ( _ ;r iiJ LaLaj <Lallie_a dil a i nlj ,J_a_>ij ^l_J-a »1 ^a_u II j»jJI Lj^L>- ^\ 
jL>j| «1 U . „I ^jj . «lSjLoJI «JL>-jJ,I Cj\ a-ml j jj^a a » j j d fc. A" -» * (JJaJ Jija j iCD4 j 
(jSLat t4_Ja_alj d n i 3jsLa-i 4 o W a t4_ujjl_La 3jjl_iJa_4 ^1 i n"%. I £^a Cj Lo_t_u I I 0jufc 

Fluorescence - activated cell ..ki.lJ.ll (jAaI^IIj Lj}UJI j^a 2_lU_c jj^Is qc 

ij»Lti*JI j^ij b}L>. (jrU <>a ^jdJ 51uJ,U JlsJI 2_tLiJI ^^k. Jj ua^JI korting 
. b}L>JI jjjo (Jjj-^l p I ^j^l ^^i^. Jjx<ajJI <j£-aj 1 <j ' 'i flj 2jjjjJaJLij 
di ilii U cU£.JL>JI Lj^LiJI (j^s ^bAs IjJuia. La-Lp- («^1 cl -^i>^J o^j^'j J^lj 

(_5 JJI ijLflJI Ijuk SLjjs. JI>U j»jJI b}Li- ^l_jj| <~itif I 4_aiaJ,l Lj}LJJI 

d < i ir^ a <U£.jL>. Lj!>Li- jjfc ojiis. (_gjJI (j? J^Jj La-a i LaLaj (^Ltjj jJ_i>£. 
J-J-a^v *LLi£.y 2_j_al_£ 3jua.|j j»Jii! 21 iliia 2_i_c. j_>. 2_al«-a 2_lL>. (jl j-^ij 

iLijLi 2 L a< ojL^ 2_tiij 2_lL>. (j-G^Lj £)Tj ' La>J ^ ^\ J 1 -»* SjJ, j»jJI b^Li- 

P^"*) )^L^J_, ^LaJjlj j»jj| Lj^L>- £-u^3 (jlr SjJiLa clul^J 11—1 1 uaJU jLill 3Lo- 

^onnie Eaves JjLijJ Sj^jl^jJI c^SL^i Mi_a-3 . L&j-j-j^ij LjMJJI 

^aLJJI 1 1 jLjk <_Hj I a 1 nljJI j_a ( _ ;r 3 < I JlISLi 4_uLLiJj_jJt I j j a jj cL«_aL5tj 

,j-a ^jj (JSLi 4£^>Lc. L^J <r ■ 1 njt <-Hi I a 1 nljJI ojuk (jlj iL^c 2_j£.Jl>JI Lj^L>JLi 

i^JLuk (jij 1 J_aj>._aJI 4Ia\h jj f j 2jiila ^, j '** iSjia. ^Ir 2_j£. Jl>JI 1_j^L><JI p I^Jl 
V 1 J (j I (JJjui i Lj^L><JI (j-a ^aj ,j^a tL^jl ili "i a <— il a i ulj 

3>a Jl^-_oj - j»jJJ 2 1 iliiU 2_j£.ju>JI Lj>L>JI -ijp-^l ^<u-"l>II CD34 
j^^a 2_Jj^l L>UJI Ij^j .„Ll^j-JI ^jJI Lj>U. 

(j-a I JljI JiSj V (^J^ (J>^ ijl-^ Laj o r j . d ii I" V a 2jj_lj_»j (JIiLvjJlj q[£ (jlj 

Sj-^ajs «JliLa^Lit^ ulil a 1 iiIjJI 4_La^fc? 
J_aJi-*J SjjjLji/ «Jl! Lfl^Lii- 1 (j-a d jl<~J d-I CJ-y-?^' JJ,"*'II 4-££ (J^^y 
i_3j_»J 2jl_iil aj-x~iS CLi\ jJjj/ i^iT jJIj joJjlII (JJij Ju3 1 1 Ji^>. Sj_i_l^ Jjsl j_C 

.(_r^><JI (J-a£. (j^i^- (_,iijii->JI L&j-uGj I gHj i^La 



fiii 4—41 <U«^f LUaJf £f^it 

L^Li- » I U r I j I (j i niVi JUJUso (__ r Lc L^jjJlSj d h A "i ~x-a sUj^ia 3j_l3 » I 2-jJ I 

:Long Term stem cells JuVl 2lb»la j» jlU a '< .t, ; a iuc jl>. b5U._i 

L^jljjJa 3^1 t "i i .il ^jWi . n" sUj_«_a JjjJaJ (__ r i!l J 4-uLc ^Ikttl (__ r Jij b}L». (__ r JiJ 

( j J c i_oJlieJ (__ r iiJ .«JljJ^C jj ^ ."i I »1 t-ittl (__,!£. J 1 <j ' " n't 
1 ^ , i, ei\ JjJlj>«j (__JLc L^jjJl^o __ T l£. sdaaL>J,l ^jWi i uj sl_ijL\!l jl ^ i4 j S -»JI 
^L£JI I ji^I U-LC.JJJ .«JjJiC. jj^miI iUiVq (jJiJj 1<.1<1 -fcJ (_jjJI ^y^JI tjJ^-II «Lts. i_£Jua 

L^Sjj-aj a_£j > aVlYale Jjj 3-«_aLej Diane Krause jjl j<, jUta S jp^jJI cnn~>. 

3jLcj <."<alr j - j^i jLi! jaLtuJI (j^ dijo-l . S-lcIil». Lj}L». i Y* * \ j»L*JI J^cLoil 
Lgj Cjj-O jJa jLa ^pjl (__,£ i S j jS" i .i a (__ r £J <LjL<_4-t£ 

lj\ i ii (jj (j_ai>.LJI i h -v V . ^ ' 4 t mi a 

<■"<<« -_*JJ dij^>-L& jJa Lft jjuLa- (_jJ.II (j-a sL«l*_a b}L>. tiJLl* (jl ■ La S a sLcLu 

. jfi i ii S n (j I (jjj (j-a I jSLji Cxlla LfljSLl 'jLaJI (_yjl ^Uac (_ 3 -3j ^JSi L$J i^jL^a _j£. iiue__j 
Lgj ^\ tStll (__ r Jij (jisjjLj _ mJj^s-I <— iLjl (__3 bfcj-C-jjj '(jjj^l L ^J ^Liej _j-a LijjLi.| Uj 

(jl La^ . (JjjJo dll j j»jH t>*i mi ia <UcJl>. Lj^Li- L^J 2jji>ill L_5^->JI (j' '-'-.'■"'j 

,_Li>JI J-*J !!«j_a i_iJl j|j laj |»lJa_«JI ^^ij _ ^J^l (__rjj^l - (_L_— ^ _j-a Cjjj^J 
u nkttl ^yiill (j^a ajai^m 2_LC.joJI 4jL>JI (jl Jj^j (jl ^dalmj (jil .SiJLtJI 3K uiall 
^<jj ij»jJ1 LjiLs- JJ-«^>- i'iKr I 1 ^ i ii n'i i~it-ir I j j^s-T jLa (__^ i~iiS I jl (__^i!l -jLil 
(__ r !ajLj (jlj 1 i n n't (_,Ut" (j I C^£.ltVi i nl j (JjJlj jLa (^ i~iiS -«.j '(^lill jL-^II (j-« OJls-I 
dll j j»JiiI 4*1 mi i a <LlC Jl>- (JjulILl L^jl (Jj^j (jl ^it*>" ' "'l jjju£, _ jajJI Lj^Li. J-JA^> 

ij_«_«JI SJjola |»JiiI jii'i m <Uc ju>JI Li^liJI (__,!£. Jj ir^i -»JI <Uxjil . JjaJa 

(jlalj^aVl tiJLtj ^5Lc L^>j uaa> i^!>L«JI (__3 L^al J^tJ^ul (^ _jjjU>.Vl jjSj L^jf (__,]! 

.j a" mi a i^ali- JJ^a jl jju^ia J<H>-J i ■ dWi" (_ 3 lll <LLajJ,l 




a^ckaJI'ft. iItII 



Short - term Progenitor orjL^yiS; j <n Lj^>»-lj 

t precursor cells 

o • J}Li- . JL^>JI J* c^ac! (^Lll ^LkjtJI ^ <j_* LOUJI tiJJj 
jjljo (jl »^jU" , ,,~ V Lg-iSLl ij»jJI Lj^Li- j-j-*j>- _ jjj lu jJ^>L>. ( _ ;r a (jjiJj 

4_Llaj 3j_j-3 dili Lj^U>- l— g-il ^ ' 3 '** • i-J jL*J( <_2j(_)-IaJI I j m-flj (j-a 

i^jtil j , a d j 1 11 i-v, j? 4_Jj? Lj^L>- u <i 1 "'i J ■ j j 1 a a j -1 c dil i jl 1 S^j 1 a a 
jl J <" < nVl ^IjjJI I (j p^LU ij-JLAjJI d ir-i^Lij i Ljj_5j cL^jJa Lj JJ-C ^^-Aj 

SjjJLll L^jjJ ''Lj-s (jr-* (.pJI 1 n (U g^i! Sj_jl_«JLo <LlL>. (jj£j (jV 
(jWill £ L-2j>3j D.E. <Harrison (j^^jjLk j^^jJI (jl j^u .^1 m a 't VI j^lc 

jj^o 4j| I j t i>ijl itiJjjjj-Lj j_tjLk j_bj_j_<ji JjJLJi-a Y * * \ ^L«JI 

j^Jc Lgjj jJLa Jj<" i n' _ jt-ill LiLIij _ (_£jj,l Sjj i^q j» jJI Lj^L». J-«^>- (jSi-«i.l 
,( 00 ) 5j-^-"l i (jrll V SjJ, j»jJLt "tlcuJLa 3_j£.jL>. Lj}L». ^."^* 6' 
J « I» Lj^Li. (j-u j-u^jlJI IjtjU" 1 n_t joJ «:la1«JI (jl ^jJa^j (jl (j^o JLiV 'j»^ uUJ 
4_LC.j__>JI L^LiJI t^ic- (jjJ-djLJ ^ g-SD .j<^"lj j " i V a (^ (jVI (_^>- L£L>- 
i£>L«JI (^3 Lg-al JL56jjj/I ,j-a p g K <i" (jlll iJjjIaJI j_«jJIj (_f JlU c"jli j» jU 4_l uiU I 
jJsj ijjSLa^s ojsj ij^ 3 ' ju^t>JI LOl-iJI oj-ifc (Jlaj (jl Liiljj (jj i o 1 >n ja^jV 
JJLso (jl ^jU"i 1 n") V <Uli- (_gl (jl (jj^ *.L«1«JI (_>^a-»J (jl J-J-t .31_l>JI (_£J_a (JlisJ 
.cUcjjv 4jii~ J-^">J V ^y^»J1 (jjLSLIl SLo~ (JljJa I (j 1 nii't (j-o 

«Jy>-jJ,l (j^LaVI jl jjL^aJ,l (jli '^Lc uiJ 2jc1l>JI SjliJI ,jc CjJiJtjj liaj La 

LjlSLl 5 jjLi J< nit ajJLJI 2_LC Jl^>JI L>LiJI ,jSLt iSjjJlc L^a 
:Bone marrow j»tlaaJl \ 

dilj^j 'lij-^-^ 1 ^Ua*JI ^ Lj>U.j *LlJ j_^>JLIj Judi j-LuaJ,l tdJi 

..jdl 4L1UI a^j^>JI L>Lki! J/VI 

ituJI (jr^>.LL>J.I t;r Li3jJ,l j»Ltiu(JI ^^-ij (J-2JLi >LiLVI (jl-^ tj^J 

(^Jfcj !j»jLU 4 S ilH.1 S_j£:jLj>JI Lj>LiJI _ t£jljJ J^-ijJ - (jjl^ M jSI^JI ^ l_jjK 
cLlLs- i_ill ^ 0 ^1 ^ • (_JjIL>u ti^p- 1 4 1 a 1 a Vi a Lj^>Ls- ^Ut'tj (_^-LiJ (_y^-!l 



iJj^Ja j -i c cjI j j^jill 2 'i 1^1 ia 2 j '< >. Sj^>.!j 2_lL>. ^Ir ^Ljtill Lj^Ls- (j-o 
jjj _ Lilsjj Lj_u pl— still (j-o (_^i-Jt n_jj^>-^! Lj!vL>JI (j-o JljJljlII i_cjL5cj 

<L«-3Lj - I iia_u j»j Lj^Li- i^jU 2_Jj^l Lj}L>JL£ _ Haj.* 

j»Jiil 21AU.I 2_LC.jL=JI 2_lL>JI J^c (j! jJaljJlj .lillj _jitj I j flj; U (^3 j! iSjlsLj 
Ijl Liil 1 1 L2 j * rt '■^j t *i^- u (J^ Lh* ^ J ^ ^- QJ 1 ^UsulII ijj^-i d 5 ! j n j^L^J 

i 4j_u LaJ I ( _ ;r 3 jjfc La^ djL£Lx^a (j_a Jj^>L3 j j "i ^J. 1 f_jj£ Lo. I 'h i"i (_^-i-J-i (jl Ljjiji 

L^liLitA ,j_a juV (^lll |»Llaj(JI LLa>j 'd-jlJ 2_u}Lill .sL*_iVl ^ (^o. 

2£j^tJ LkjjG (_£Juaj (Jj jj 1 nitl I j 1 " jjl 2 "J LgJIjJol i Lgj CjIjSLIIj 

(jl Jljs-Ij (jajUs dlka 0>J j j 1 n') jl £-1 "n L < _ i _a^ > - Lu^/ dJJj idK (ja£JI 

:Peripheral blood(^l a j»j)2u>4jtJi3j«jiJi_Y 

-^>->j j»jdJ dUuUI <U£.Jl^>JI L^liJI jl OiSj juLa ii_3jjjtj,l (j_a (jl£ 

(^ ^ iiinii (^ jUl j»jJI ^ J^-JJJ i4_tL>. (__kJT ^ 0 - ^ * J£ (ji ^ 2 mm ^UtJI 

2_^j^>JI L>UJI lj j t " , „j (j f (jrd^LJI (j£J <2_Ji tJdM • • J£ 

itu^>. tSja-ajJI SjjjJI (^Jl i_jLijJlj II (^ij (j^j 5j^si_^II j»jdJ 2 'i M, UI 

^/La l( jLla J£ ^ 2-^.^1 2£j^>Jlj ,2-Lal jilj i_3l jiaVlj l 2_«-uj|_a]| <j£LaVl 

j|_aJU (j<i .X (j^oj .^jiaJI j»jJI (^a 2 'i m, U I 2_<_c.jL^>JI L>L>JI ^1 
Cr k. ^jdJ 2 'i m, U I 2_l^ j^>JI b>L>JI lio. ^ *LJj>JI L^jJ*- " . .n 3j^>UI 
tCytokines - u a m' j|j_a 2j4_ajJI SjjjJI ^1 ^1 is<1l ^Jij ^ 3j_^_^JI 

«LaJiJ j" a 1 1 (jJOJU (_j-Aj - Lj^liJI (jIJ (Jl i aji Joj ■ u j Lgl^Jaj 4-La-JajG CjI_Lujj_i 
Lj^liJI i_i^e_oiJ 'LLlsl-o 2 1 (Ji>i= (j£- ^ iLi^LiJI 2x.ljj (j^a j»Lj| aj^c JjS 
Lj^L>JI (jjo a (_yk L^LiJI tfjuij i2jj_ajj| ajjjJI (j^a CD34 ^Jiljil J-«_>tJ 

U" , „ i jjjj g ,%;ll «LbLjJLa *l_Ua_u j»J L^Li-J «I—lIj^I jajJI Lj^Ls-j <Lj_CJu>JI 

La ^jij i2j3 jiaJI 2j^jJI SjjjJ! (j-a j»jdJ 21AUI 2j^ j^>JI L>L>JI Jj .^.-.Jl 
^(^j^aVl 2_aUJI 2^ CJ ^JI Jl^jucj Richard Childs jJLLij j jLiijj j>^jJI j-^J 

t_y2j (j^o 1 ^ jl r Jj ir^i -»JI (j^o jj^jilj Jj-^l LS1J.JJJLJ5 dJjjjJaJI Djui (_^jj (jl ^yJI 

2_i^ jl^>JI L>L>JI Jl^-L i^jJI <_k=j>II j? erll jJjLij j_oj^jJI jLif La^ .^ItStll 

(jjjJI lLLlIjI (j^a JjJal j-a-C I uajl J d_JLc »1 ii i"i 4 i mil ( _ T !a^eJ (^jJaJI j»jj| (j^o 

Lj>L>JI 2_<_»^ j! (^Jl 2_al_U3VLi I jljJi UI ^ll^r (^ij (j_a ^Lj>Li. jj jL^.L 




( _ ;r aj (jjo «jut-^II ^^Ic . i"i jl Juu _ ^jJaJI j»jj| ^ jajJJ 2*1 mi UI 2_uC ju>JI 

j J r'i'i jf j* ,( 1YA ) ^U^jlII SJj^j-jJLI liJJj i flj Co - j»Ui*JI 

LMJJI « juk j! juo E. i Wright oJ j j>i£jl!I ^ ml j (^Lc J j^LJ' o 2 "^ o' 
j_Li. (j^j Ajj^jJI SjjJlII jjJI »Ltu«JI j-a 2_^jLSJI .j»jdJ 2LS m. U I 2_lc ju>JI 

:Umbilical cord Blood (^>t^i J^»JI j»J -Y* 

j»VI jc d 1 1 ca 3 j JuJoJI JilaJI J_J>j Juu imJjujJI (_Lu>JI jl (JrP^i jl ^J-I 

2uoL>JI jjiSLIlj jjjJLi »jl «U j-Aj 3 «I <a 2JI 4Ju-u ' t-iH j-cj 

3ju-3j «uiIjjJLi j_^3jj,l LguwLij I_J^>L>JI Sju cL> j I Jua. I jJ\j j<Jj ijsjlj $4uuuju»JI 

4uC ju>JI Lj^L><JI Sj j»jJI IjUk t^£j-ud\ (Jj-><JI IjLjk i . Sjuuisj 

(_U3 Ullii^J JUU LjJ l_3 JlSj V (_^UU>. L^J J Jri'll iU j-«X. I ■'".T J* lj»jij d 'i mmU 

.^.i m"i 1 iUL 4xl_aJill ^Ij^l 
ju. t<— il j m ♦ i n"tl 2ul Jjj u^LiujLjuJI jui-ljl jjujvLJI <lu5j_c La Ijuk 

(^Ic ^jJI j»jJI Ijuk cA*-^' <*-2j>*J Laughlin jtlaV ^juWl^l 

j>iLtj jjjJI Jl aLVI j* jjjudJ oj-ojLitj-ojI <j»jJJ 3u.uu.ll 2_jjcju>JI 2_lL>JI 

^auk_$ t^lj t_u Ju>. ^ lr jl tSLLI I uul a^auaj geli < ul La— i i4_Lut_a dj ge <f~> u^ulu^o 

JtiJI juT £>L»1I UJLva 4Jjl». (_£ jJI ju-JI ljjju*j jjjJu V 
Jkis 1-, , ,n| mJj_uJI Jju>JI aJ (U3 2j_c ju>JI L}L>JI j! Luajf jji>.LJI luljufj 
«jjulll LjjJlI - Lojusj - Ljjl Jj '"J-^-J ^»JtlJ 3 uax<ajc2a L^Li. *Uo£.l ^u^. ajjulll I4I 
lij^Lill '"'l S ikll jTuj (jjJI .5 , , ^ ^- " 1 1 b^LiJI ^Ijjl J-J-auv *Uajcl ^u^. 

Ijuk Jjusj La _jjkj .Pluripotent cjIjJuUI Sjilj LMi L^jf i3_i1ll>JI ^jjj^JI 

2_ui_UI 3jjuju>JI Lj>L>JI Juu^sj ,Jjo Jlj)j La jukj ^ Loa. 3_JLc 3_»uu3 |j j»jj| 

LMukJIj t 3_ilLL>JI 3_;uuju>JI L>LiJI JLa 1 3_luu ? uiJI SjJuUI tfjuk udlLaj ^jdJ 

L>LiJlj tTeratocarcinoma 2_lLlL>JI S^jLUj-uJI L>Lk!lj t 3_iiLL>JI 3_ H ajj J u>JI 
.mJjuuJI (J-pJI j»Ju 3j^j^>JI L>L>JI I jui.fj iBjjuUI uil 3u^j^>JI 
:Fetal hematopoietic Stem Cells 2^LJi ui^»tH - * 

JLjJLstilLj i (J7 i^\ j^jJI (_L^-lj^ m, JUU (_gjuM jl_c>JI dj JLuaijj 
.jLiJI Lojj ^ _ ^ • ^j-a j o f jj^J 1 jLuuijVI Lajj TOj YA ji_! La 

IjU». 3j_J_ji? <l j <1 'C 1( _^LuJI <-L>-J «Lul l(jl_L>JI JLuuU». ^ujj <_T r J -w 



- 



_3—«_Lll 3 JU r *Ujjj (jb; mJ 3_aj}L!l *jd! 3 S u» ; U 3_j_c j_^>JI L}LJ»JI 

3l_L^>- ( _ ;r 3 d j «i i»VI 4-iJLjJI 5j " aJ| ajui ljr £ JJ^J S^jjSUI CjI al m-2 )Vlj 
J Lili O -1 -^?- (jr^ L^L>JI OJUk <j-G-».LjJI (_>ia-»J .SJUs-J .<jl_L>JI 
jJLj al _ ^1 aJ-*JI ^jl ^^-tH O ^ O -41 :^ L>% ^^ J a c (j-* £^ l-u -^ 

ji^j^j _ Elaine Dzierzak ^jpjJLT j I. L. <Weissman o^J^'j 

£Ou»JI L^L>. J^^ii (j' J^^-i f <3 1 ^ * j£ 'Jjjflkfl Ijuk Ja^s- QJ A b ^eJ 4- J L j e-iJI 
aJU*I L^L>. o 4 ^ D' <i*^J 'J-a-*^' \jjt C^^a J3^-ti J-tb lajll! 

Lk.5j-^>.j 'j-^ — Q<n j II (jil . P ) 4 j A " -^e_a ^ i<-i<i"t j<jj <t_cLUIj 

^ I j^j-a j ^,111 L>L>JI liUj (j^s cu*L>. Lgjf ^1 juu !0;\JiJLJI 

.(jLjijVI ^ £Y _ YA (»jjJI ijljiill ^ ^ _ ^ • (j^j j^jjiLi o.5ju>. - 
La J^>JI jj-a j^-Lla c^ki j ^ Lk ju>.j <L? R. iGallacher j^iVLc. ^Jjj 

JLs La-£ _ L^LiJI oj-^J u 7i j ii -»JI jJL^all (jlj i ^ Yl aj_jJIj Al aj-J-II 04 
j-a-b <_ ;T lII 4_i-LlL>JI 4 S U UI jjfc _ tiJIj^j^jJ jjJL^J 

i p n m ^ iSj_o^ diLLaSLi L^L>JI ojuk jll-ij 'i S t-i i a ^jJt^ igonads J i n i U J 
,_U^>Ijj . j-jXJI tjjl) 4 LJGa aL| p j f i _ ;r 3 j^>-L^j (jl licjJj V j<s_j 

sucjali i j-j^jj LkjjLc juIjjLls i I j "I i ■■ s'-' ^jJJ 3 'i mw 1, 1 3_^c.ji>JI L^L>JI 
jl^j iThymus 3jp_«_^aJI SaiJIj JL^LJL^ L^JI ^Ll=cj ^1 

^^iU dli-Lj>. i(ji_L>JI a I ta c ijr^ 1 (jr^l J^^—&^3 1 j ■ .. A i ^aJLaJLj 3jVaJI JLC^_a 

3 'i m. UI 3_i£. ju>JI L>U»JI (j^s S ^ 3_La^ tiJLuk liiljuj . ^ rY ^ j^i-Vl 

CuSj ' " a 'p' ^* II (jr^- 1 Cr^ 3j-$j a " aj ' . .. -»-tl 3j_alj_j_a lajdJ 

tLaJJL ^jJI i3_tUaII 3Llt>JI tl!jJLji_a ^1 ^jj^iJIj i ( _ > uiii!l ^,1^: jLa^-£:VI 

. 4 «i(jll L^L>JI (j-a (j^i- 

:Embryonic stem cells 2LU;UaJl2ut biGJl -o 

L^L_>JI ^^i^- Jj iK-i ->JI pj "i -».L_jJI ^jt-i" i n_i (jl (jjs JljV o^ ' l—j_SJa_La 

L>L>JI a^La cJij^jO^ .S-jlji^JI 3j£.jijJI L>L>JI ajJJ 3 'i ^ UI 3_j£.ju>JI 

1 1 (j i ii A 'l JJl^j (jl ^jU" i n") 4-lL>JI L^jl (Jj-2j iljui (Jajif 4_tlujJI cU£.JL>JI 

! mi M (_pJlj V" 1,1 L^LiJI ^l_»jl J-J-a^- >LLx.l ijJlC SjJ-SJI L^JjJ o' 
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c? ijtil! clIj^sj T. iDoefschman j I g mh'^j-s jjI^jJI j-a cjj^>. jJs 

jjjjJJ S_JjVl L}UJI ^JLi Jji^i^JI l^Lkl^l l^il^o^ ^ "\Ao ^UJI 

^ m Lajjuj »^ jLil <Lu- i -l > J1 4_j£.JL>Jl 4_lL>J1 jj- 0 ^ jJ 1 Li^Li* ^j-a 

Uji i ii )^ 2_u.il>. 2_^_.j_>. l-J^-i. (jlr ^Jj . ^ >, 1 1 ( j_ a ^ j»L«JI (__a qj i .i ajj 
(__!! L_j_j_aj i Lg^L— — ibl g' j 1 1 c ^1_>_j i j j " ^J. 1 (__a I j " j i Sj I g__u^jj 

ciLulail ^lc ^ W f.l_Jl N *Hole j>£jJ1 j-?-^ ;2_____i__a 

<_jlj__»J, LO->-l aJJt ,_jisjj_»ILi joj ijj_iJ,l ( __3 j— i! 4-ti;Uj>_l tU_.j_>_l LO->-l 
J_ (^Jl 2_j_;U_>_1 2_u_j_>Jl l_0_i_l cJj_>_ 'fjJLi 

j»jJI Lj}-i- cr^- ^i>^ l>L^aa. 6i>*-' 6^ ^JlU 4 'j mi UI L}L>J1 

tiUl«j V Ijla j-ILti jf .^lLlLjJI 2_l^ ju>JI L}L>JI ciut, 2_cltVn,il ^ <j£]j 
S^lcjljJI b>L>JI J^tlu j! <j£-*il 6-° J- 4 ur^*-'^ SSjuiil jIjIIj L^jjJ, Lj}L>JI ajui 

^Ll^jj tJj^ia-II i ni^'ii a JiL^j i_3j^i L^jf j»f SLong-term HSCs jL_^i j 

<U^eJ V MjjJI HL^ia «JljJl>. CjLl»^ ^\ ^JUdl jLill L&Juu 

2_tJu_L»JI 2 j r j-jJl 2_lL>JI jJbj - (>_i_ajL^ _ LlU uU l—a (^Jl Ljj^C I jlj 
La I jukj i^jU 2 'i mi UI Lj!>L>JI » Uac j (jlr ^IjjJI I j-»- «I j^j Sj JlS "j (jl i n'iMJ 
d j l-^Jl ojuk J^jlj p j * " cJi^ 5 * (J^L*JLI (j-o JjJljlII J« flJL 4 "i j" I 

laj i u i ^JlII t(jj mi i's i hJij cUl^L^j Qj mfljj n a j^. 4_j_Lj_l>J1 4_j_£.Ju>J1 

(jl _ ^ _ 2_l1ujJI 2_lc JljJI 2_lL>JI Jjl>. )\\\ j»L«JI ^ clIj^sj jjk 

.(jLajjlj ^ 

(jjs I (jjlr I il ik-i Lj5L><JI tfjuk jii^l Jjk '->*J 2 'i mi UI 2_i£.jL>JI 

Uif f\ SHSCs Long-term Jj^JI j^Vl oli L>UJI 

Lj!>Ls~ »1 Ur _ »1 U< 11 3jj mi a «iL^slj-a ^jU"m h"i ,jjjJaJl i Ojl^-uu» 



- 



j— «_«JI cjli 2 % hi 'iX\ ^ j c j >i 1 1 LOLiJI (j-u I gj 3 2 jj La II 

( _ 3 IL>. S j j i r-i 3 (_£J_o «Jlil i tfJUk jjj ijjals (_f Jl^j iJlil j j»jJJ d S mi i a jljv <LlL>. 

! (j^l 

:Embryonic Germ cell (EGC) 2LUj^l^>^>^l2Ld»Jl -n 

^ Primordial germ cell 3_JjVl a_pjjjj^>JI L}LiJI ^ cj^L^. ^la-Uajj-JI 

a_L^JJJ^>JI Lj^L>JI aju* di Jlj>.| . LjJj-Sj j_-«_*JI jjjO a_Ljl_»iLll £Jjl_L^I (j-(_L>JI 

^la^JI «LSjj-aj M. J. ^Shamblott cj^L-aLi at-. (jLuj^U 2_l1lL>JI 

Lj5L>JI aju* <"< I 1 _^sLi. ^1 li-L iUi i .ij i_3jjJa Cjj>«jj ij_jJj_>J,l (^ elu m . .ilj 
CjI j LOLiJI JLila t a: nl"^e_a Ajj^JaJ ,_L-».|jJ, Clll a i .il j CjI j LOLiJI (j-a JjJjlII 

.( AA ) libiJLi f jJI LMi. >u ^ SjJ^JI LJ L£U <CD34 iUJ^JI 



j 'f .1 ^1 3_LiL-JI c. mil LMJJI a? ^ La 
4ibvl_JI tConnie Eaves j-tAjl ^jj-^ Sja^fTjJI Ja_23 

j»jJJ 2 S ual\ 2_<-C jjjJI Lj>L>JI j>j cjjLa <>L>. < I Ju£ (^3 2^Lkjj_JI 
,j-aj <jJLj (j r-iV ." . t u okr (j^sj i^j—oJI (_L^>JI f»J (j-^J 'j^-^ - - ' - j -^ o-° 
Lj>U»JI Lj>LkJI J ■ '- «t (jl dijLjvj iS-jIj-L^JI 4_ucj^>JI Lj>LkJI 

L^jjLjvjij ^1 ,„ S '.VI 3 taj .^.'i L^jL j-J-a-JJ (jjJI Lj>L>JI (^jk i^jl! 2 % uuJLl 

j' 

j_3l^lj <~ ■ j i~i i ,ia ^^3 ( _ ;r a-LJ (jl Jju d-JI U<" jl Jljjcj (jSL!j if_iJLj j>l tor 

. Lg-La Sj_u^ iIjLu»^ ^l^n'i (jl i^kj ^[s^li ^LxS\ (<uJ ( _ ;T SLI (_^i*J ij>Jl1! 

^^3 (jjj-Ji^*- JjJ^jij jl j— i _ i - t 3 cLLlUs (jj-Sj 1 1 U uu ') J>l i ii <i )l 2JL>- (j.3 (ja^j 

JJp ijjJ (j-a jjLa-ISj cU>-^jj I (j U y-i La^s ij_jJL>JLI (^ (^IjjJI I g -r aljj,j 
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oli! <ajJJ 

dSLjj_«J| a I j . .. (_^a_i^iitj «JIiLLljv «Jlili '(Jj*^ i"i"itl <LLlxx OJ-^-* - Sj*C j U 

oj- 5 6-° J * * " s J-»-" 6' 1 . 1 "° '- . 'j t "" ""' "t^L^>JI 
^oiJ a a_L!L_Jl a_j_tj^>JI L}UJl j! ^1 a_3L_u=)/L> Ijuk .^i^jui 

i_!jljujJI U" , ,," L$j|_! L-Uaj| juv«-jj 4-tijUjJI 4_U1JL>JI Lj^L><JI (j-o 3jji.Lilj 

(j-o ajjJi LkjjJa <LlU_c. (j^o dilju SJLiLo i^^LUI jL^jJI (jjs _ La j^>. ^1 _ 

. 4_Lc J ^.c. 1. 1 j i uj J i n -^J I 
jj-cu "i *CjJI 4—jJI Ci I i^i j I a (ji-n J ^^-S j— fljl (^J-^ Sjj "i ^jJl £-« (jri "nj 

a_<_cj^>JI Lj>UJI (j! \ \\\ ^LJI l^iLc! U-y-^- tA^I < L - s i>A9 j- 'Chen 

(j I Ji-JJ .<—)! ir-i a j L3 ^1 fijl i .i j L3 (j-o Lglflj cLlU-C Jju kttl ^^^Jij L^jLSLa 

(j! i.ri j iiw jLa (j^o si^Ui ^ jdi a tii^ji ajLiLJi 3_<-c. ju>j| lmjji 

J^jej (_g JlII (jLj^ijyi jl jL-oJt (jjj/ j-i-i^s I o K I jtSLifcj t^ttl ( _ ;r 2j ^--t- u 

j^ojtjJlj t_jL*jJI ^^ic Lj>L>JI ajjt SjJlS c-jL^ i^jl! 3 [uUiJLI a_LcjLjJI Lj}L>JI 
jj-o ^j^l "-^p- 1 aljJI LiscjjJij _ J'--" (_,i>- iSj_u£ ^> LLgjJ I ( _ ;r 3 

L^UJI ^Jl JjLco ,^iJI .a-tlu^JI a_ui j^>JI Lj>UJI ^1 -(^Jl ^LSJI 

w aj ^1 (JLiljVI \ c Sj j j $ SjJl5_i L^jl I o $ i^JlII 2 'i uuJLl jl>JI 

( _ ;r Lc L^JjJi^ ^LjJLlJ t(j-LL>JI J -1 C d ri I" -^J. 1 (JjvIj^o (iLui ^ I ta « II 

tjrujtl (jSLIj .( ,TV ) C-^J 2JL-xj^o ^1 ^ |»jJI Lj>L>. «-Llac.1 

3jj_«-o Strains iijV}L-u 2 a «^Jl^cj ^USLIj J» UL I j a (jl j^i 

Jj>.jj V ebi J^jt3 K. Sudo jjljj-u J>^jJI Jlo itl La! njlj^AJI (j^s 

^jdJ 3 < luaJLI a_«JLJI a_j_c JlaJI Lj>L>JI jj^c 5^L_jj ^^Lj». j! (jr-! 2j 

J-«-«-!l f"*^} 

d^a- uuVl Lj>Ls- (j-a 3 S" mi 1,1 |»JlU 2 % uuX\ 2_L£.jLj>JI 4jijJI (jLfl Loj-tt^CJ 



- 



gUiri f>*U <M**lt <M.ttJt LiUJf ,«ldAMif 3$m cpJI *Utt)t 

^Lu V jjs-T pJLc t Ijla j! LiLujl (jl^ c Lr ^l\ <jjl£-!l j . Ji-ta 

S-uLla^^ <_jM_£:L<£ (j^s LaVT tiJLuk (j! LUk: Ijlj i^LjtJJ 4-ibr j < „ <dJI VI 
H_£ju>.i (j-C i_jL!uj_j». (Jl i a a ilj i2j|_il! cLajLa i o-i «Jlilj jJI (j-<_! <Jlil.iLsolj 

,j_a Ij^H-^j oljJU oj-ifc ->L>ul j! JL^a_fljl ,j-C. 2_joLj jlj-a (j^J 

Lj>L>JI tiJyLuj JSuij ' 3j i a3 (>u <_a>Lo-VI j_u, L&j-s^ JSjo-IjJI 2_lUJI ^ 
(j_«_3 i n , „^Uj ,jjJL>JLI i<L>.jl_i.j j r ,i yl\ (Ji-lj j»JlLI 2 'i ilii U Jl^JI 

pufcl .^LsJI j ir~i <tl «JllLilSLoLl 4_lL>JI JJ^-J (J^ <L3j-«-a t—J iK-ltl 

I fl'U'g Jl3 lukju^j LuSJj ijjLc-u (jl (jjj (j^o n U ii'g Cm i" i ii U I Q i .i ii") JJl^j 
J m -v ^^3 L^jl Jl_U i <A lil" ->J.l ^jJI Lj^Ls~ £-J^jl £-±-j^>- C-Jj_>uj Cjj_jL«JJ 

I»jJI Lj^Li. jj-«-^>. (jJJ jjLcJlJI SjjLa i^'i i.-.i.i A i Cr **l\ o-jISLII 

L$jl ,Jj i tiaia Ijuk (j-u_J . I (j i .iri") Jujju>u SjjUs _ pufc^l j-ifc I jufcj _ Lg-cSLIj 

2_*JI_JI 2_<-C: ju>JI Lj>L>JI ojufc jLfl ij»jJ! j-JLfl-J <— ->< ua a jLfl ^ din I jl 
->! ta « II JujtUl i_ukjGj I j , ,. A i ^ | tj I" j ijj>.VI Lg-La (_g_il_Lj ^jJLI ^ «JLuaJLI 
j»jJJ SjjSLa £U£.JL>. Lj!>L>. ^1 ^1 . .. i^ iVI i m a ii". j I") V j<u i L^J LilsjJ LLu 

*ljj dlljij 2 j j I a i|»jj| LOli. ^I_jjl J-J^>- (^1 Sjjl_4J-o (Jj^s-I Lj^L>-J iSJjJlj». 
Ijuk J j ** mJ (jf i- ij l_l >La i3ii flll jJISDI j^lJI t_^>.LiJI cr *ujVl jLill Ijuk 

Lj^I iJI p'" 2 ij (_^i-II 4_i_a_iSLlb «ii «1«JI J j >■ (jl 4_i_a i 'l i"i V Lxjsj 

^jji «:ljj Sj_<iLA 2u3>Lc cU i j ih >JI Ji-ta ^ua j»Jl1I 5 «ii^U 2JLILJI 2u_£:jjJl 

t_y^JU tiJLuk (jl Jl_u .j j "i -^J.1 (^ p i .i iii") I g U -»J (Jjv jLjcjI pujjjj ii a 

j»l jieuj-ul 3>*i lS 1 -^' J-*ill I j-* dia (j-djbt* nj^i-CJ (jjiSLi V (jjj-ll >L«i«JI 

.£>l*JI (> L>UJI „jUk 

(j I 3uaj_»_a (jja (_ ? 2j*_jJI L^_5jj_3j J. lAudet c^jjjI 3jj_l£.s Ci-iSL<u lilljJ 

dlljLuiVI (J-2Jb (^y^Li^ - gpl30 - ^ «1 I n J (j-GjIJ.! I t-l J UI i J 'l jl 0 r 

iUSL j «i"i i n" it-iii'^ i."i i int jluU jajdJ d 'j ui i 1 1 4_lC ju>JI 4jL>JI (J-*^=J - <LiL><JI 

LkjjLc ijfA S^iSLa L^c_jj i-dJju SikaLt^ ^ i ..ii S LJaj| lup£J 2^.jjJ,l (^ 

■ 
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m! H. ,Ema U>l ii^-L-JI 

j-a^a : L*jkj Cytokines obi $_<JVI j oljLiVI oLLljjjj (j-a O^-c-jj tiJLui 

«.SI i uaJI (>jj^ j A — "j ^Stem cell factor 2 c j 2_Ji»JI 

(2>c j^y-a 4_lUJI ^ LaLui aji (jljjijej <jl jdJI < Thrombopoietin Sjj^jl!! 

(AGM) Si o ,,,1,1 ^jlU 2LS AlUI a^^>JI L}U»JI I ^j_fl jl^-jj ^1 
d ,.i_->. ^L! V « j o r jt_a (jrjj». < Aorta-Gonad-Mesonephros 

(jl-MKtl dlJj^j a^LuJI L>UJlj c^jjVl ajM^tl 2UklXI 

1 3 S t-i i tl oj-^J (_gjJL>JI i.-i-l.^j-III 3_<_uljJL! CUjusjI lilljj .(Jj-3 (j-a LLu La^ _ 

ojuk ^ j-a-Ltlj ^1 ,„S'iVI oLtLmJ 2_aj>UI cuIjLiVI J-iLp 2_2jjI3 oU'jSj 
L}Li*l! a^L^I j^Vl L}UJ! 

^jJJ 2 'i n, i U 4j-cjL»JI L}L>JI ^Ijijr" , ul ^ (jjiaUJI L&ljJ OjJ^ Sj_*lii 

(jl ljj^>.j ( _jis ; jjJLI (Ji-!j j i£ cjLj_ aSLi l_OL>JI ojuk (j^*-^ <jr^L*JI 
,l!jLLlj>JI J^jlI ^LJI ^jLjo dlLu L$jl il (J 3 - I i2_cLj-j>JI 

(_paj_4J <-3j-«j La j^-jj t^p- 4 s_cLlI,i a k u< o i^jii! SjjLuaJil ajLiLjJi a_^ijL>ji 

JiAL Host- versus -graft disease vi>^ ^j" 1 '.' ^j«U~,U JjUJI ,_>^j 

(^JiJj La t cL>.>Lc. ^ a^aOir", i „U idic a_jjjJL!l a_LC Jl=JI Lj>L>JI ^jiajjj,! J i n -v 
jjJjLZuJ Jijl mi'iJJ j_j-l^jJI (jl Jl_u . d "1 t , n ^LjJLij ^!>L«JI jjjkjij 

jj^o ^P-I! j»jJJ a 5-uu.U a j r j^-jJl I i^L_>JI ^rt o J^s-jj dj| j-^i 

, -s ' 

Graft p < U 1, 1 g-j mlll u>SLj Lql L _ -v a j<uj Ijuk <3-£Jj .^^-cLUI jL^JI 

La .a_4ji_3 cJij La a-L^UcVi a_cLui a lsla a ( j_sli < jiX («^>- li J>^! 



a_j_cjLj>JI La_iLb}_UI j! 2_j_«jtiJI Lj>LkJI - i La c I jj (J_9_SJ1 (jJJ (jj>>-T j-a-i 
ai^lUI ^j-cl^JI L>UJI *_a Adult Mesenchymal Stem Cells (MSCs) 

( \ \Aj \ 1 \ ) ^^j_m jL^JI 3_jjslj^a (j^O l_!jM^JI (j_a I (j 'K a J ij»jJJ 

cJaLcf 3 S m. UI 3 j cju>JI LMJti! 3 j . m UI 3jjjjl^J,I (jl_a IjJ 
lillj^j ioLl^sJIj £^L»JI 3 jl nr ^^a Lg^al jj-" i ul I j i a i£^L«U 3j_iii£ IjLSLaf 

M,J~i-^l (_p3lj-a^/l - 3jjjdJI 4-l^L>. (^JJLaJ-S-a - L^-a I Jla-" i n I 

31 — <-"J f- 1 — 3 Lr^- O^' L?J — ("^ LH° J •f iJL 'W 2— ^M— C L^J 1*1 mi jl cr-^' 

(jjijju ci^-p- Injili 3 'i mi U I 3_lc ju>JI L^L>JI £y» jli^!MJ Sjujlc cjVjL-s-a 
j»j±! 3 'i mm 1,1 3_i£.ju>JI L>U»JI ^ L$lc jj*XI oLLpJI (jr\!b>.LJI (j-a (3i>* 

L^L^iJI t _ ;r 3 (_yJ-JI liiljj I <j "1 'ijl ii aj ijijj.l ^ iji -»JI (^LlLII 3JL».j_^a 
L^LiJI Cll m -w £_a La£ ij-a-Lll (j-a Sj^i-LLa Jj*.lj_a ( _ ;r 3 (3^Jj < I (j mi A 'l 

£-a 1 ^ t j o-v L^HjjLLaj _ Luj^>. d 1 f> 1 f> V*U I _ j»jJU 4 'j mi U I 4jJjVI 4-lC. JL>JI 

lillTu j? ij»jJJ 3^ m, UI 3 if jljJI L}LiJI I g'if j-j-dll cuLLh>JI 
u >-a^. jLa ,j_a j! Lajj YA u j~4-c (jL-ojJ dryp- 0-« o jl»-! 

jjJLj U, 1 i a a i. 1 1 n> (J£ imJj^-I c3-^-J CjLLl-»- Jj< mm! (_^J-a 3_aj_*_a 

jj-a mJj i-l 4— c j a t a «1 aJ ■ i _ ; ^aLljJI ,j-a ^jVI «1 jij 17JI ,Jjs-IjJLI ( _ :r a 

iajlL! 3 i uii 1 1 3_j_c jljJI Lj^L>JI (jlis j m.11 ciil m -w <j-ujjG t>u^-l-^JI 
3_^,ljj LUajf .^LLajJI {sr 2H LgJ 3,-^1 , ^ 1 1 jl SjjL>J,I L>L>JI 

L^LiJI <J-*-~-«J L^J <j^' "W^'j I (jl a r SJjjjisj 1 11 ii'i^lj j^lll Cjlj_aj-s_a 

. ji&jj p 1 ■■ 2 " ^jJJ 4 1 mi i 1, 1 4_lCJL>JI 
^jJJ 3 'j mi UI 3j£. JL>JI Lj^>L>JI j>l J-ir" 1 ul (jiJ-^ (jr 3 ^ 1 j " cO - *"' ^ .' * c 
Lj>U>JI i_aj_j^Lll j! Jj— c t^J-C: f-\— *i*JI 3jJ^a ^, ) f jjjfcj i^>LjJI (^3 

(^Jbv ^j^-jjj,! J 1,1 -v (^3 L*j|j JlaJ tjjl\ imJJJ.1 SJLaJa ^JlU 3 m^UI 3_j£: Jlj>JI 
3jjjl^3 (_ ' Imi (j j 1 1 J-=>-jl ^-^_3 •Jj'-^' (IV 1 l£>*"' Cr'l Cr 3 Ui^i ^ 

CjI a 1 .il^il j a" mi U j_jJuJI ^\ (jSLlj t Ja^a L^Jjjj ^1 jjjiJ i I fljlr (-SjLjLlII 
i^JLufcj .SjaJ^C mJj^s-I Lj^Ls- <-Hj I a 1 ulj j-a I ^ g iLiijj < I (j 1.1I ,j-a ^j-JJ (_^JI 
Jlu> Ji-lj j»JlU 3.Luull 3j£.jL>JI Lj>L>JI (j^a jl^^Li Mj^Lb >LaL>JI (j^i (JJ>a 
(JajlII ^jU"i i h") icLi^sLi- 1 nii'ilj <— i I j li t a i.'.TjtLi diljij itGli (_jisjjj,l 

. oj j 1 .M d 1 ini djlor i^;,^-^!! J 1 n-»Jl (Ji-lj 



'a^claJI'ft. iItII 



:Leukemia & Lymphoma L^tUljfjtfljtia^^ 



J! S J! 

:>. Lj^lie-i (J J j "i i h"i j<u i^jJJ d 'i uuX\ 4_^c JL>JI ( _jiaJ j )J,l Lj!>L>- jola^ej 

<j-«— 3 .^^LUI jl (j ->J1 (j-o Lj^L_>JI i k iil n i-r "I liJ—Iij i^jia—Jj «_L! 

4-^jI mi" a «JliLLiJc-pjl Lc-jfcLOli. (_£^L>u clo-VI jl ^Vl h!>L>- q\ t_3j|j_«!,t 

, ( _ > ^j > i,l ^Vl Lj>U. ^ ^1 dUiJ Human leukocyte antigens (HLAs) 
<f jJI o^j— jM-^ J*> ai.HU j^JI Lj}UJI ^Ijiit^l jLa I jJ 

I fc.tl t;r 2j (J-2ij jl 
Jnherited Blood Disorders 2l£L»N o^b-*' 

^jlin (j^aie ui <j-a _ j»jJJ 2 luuJU 2_lcJlj>JI Lj>L>JI u lr mJjI^cj mJJJI - j*l tajJI 
: L^JLo (jlalj^o^l ,j^o jjiSU L«j>.|j L>-^>Lc (_>iaJjJ,l (^1 

:Jlla 

Fanconi anemia ^LjjSLjLiJI |»jJI _ 
Aplastic anemia jiaL>JI j»jJI j-la jl j»jJI j-la _ 
Beta-Thalassemia Liu -^j^tJI |»jJI _ 
Sickle cell anemia C;r L ?i _UI j»jJI _ 
Sever immunodeficiency jjaAJI ^LUI j^JI _ 



2^_Lij j j ti>j j.^o! Jnborn Errors of metabolism (< -N 2 ~ mVI 

j (jtVij it_ i^M < nVt <— i I jl of fjJs <— 1 1 j t-i i b 1 4_t£. J-J-y '(<t$-a La («^3-^1 (jr^ (J-^* 

.3j.jiLj-a SjVjJI Jjlj ojLjI 

Hunter's syndrome j^Ia J^j^ - 
Osteoporosis ^UkJI 5-^,1 h, /t, . 

2-iAUI a_j_c j^l LOUJI <■ m uaj _ ^Lla^lSLII jt>UJI _ «GLa di! a£ jj» U-Luj 
L}L>JI j»l jLitl<j/l (j La I jJ i L^i^o ^1 i^jJj La < j ii-i^ j_lc. <jx. 2 o . niiil,lj ^jJJ 

ao-J.1 LoLiJl ojuk jLi j ~. ml (^Jl <-^j-^j ^ a \ n,; ti 2_j_c jlj>ji 

i_lLj_jx-jj liJJi («UJJ . d i .i aj Q^iyX\ (j-a SJjJLLo ^jJJ d 'i mi i a A j r ju>- Lj^Litj 

«Jl w j j jj ' ta a jcj j<u '2_jj ajJI SjjjJI ,j_a L^l iJI ojuk g. i 

d jl o r (j-a i_3j_>JI (jjj (j-o i^-uLj 3j_a ,_>isJjJI,l ^1 LgJLiol j<uj j<u i(_gjl_«_iSL!l 

• d ,„ n't (jiaj^l! L}Li- LjV L}U»JI ojigJ ^LUI <kMH 

4jjJ| jjLLij—ij/ (JlLa i^^L«JI d j-Jl-uo j) Haj i u tl (j-a ^-jjj^/l dJJj Lgj ' i a 2 'J 

cjljUaj i_u I j l$j 1 uj !j 2 llj j j*v tl j jjjj Ljj£LuJ I j (n_gjilj Lil " i njj— jJI Sj_cj 

J' 

i_uj_3 (j^s >>.jJJ 2^ niijl jjljJI -^^L*-!' SjjUJI 3>^' OoojLa 

laj (j^-!l (HLAs) uli jj- c^ - L Li ^/ 1 L^jI uu <t (J3^_i ti^p* ij^^aJj-^il 

Lj^LiJI ^Utj joj i,_>iaJj-«iI (^^LjUI jLg_>Jt Sjj^ (j-o i ii < i >i "t j<u iLj^LiJI i .il 

djl o r yLnj j<u i2_ajLa jj ^ i". 2j^>L!i SjlLi! j-jLjjj cLlAiil 4.^. jl>JI 

S. SiJoshi . . ^^^ji/jjv cG-j-jI La ^^L«JI ^ 2_ajjJaJI ojufc («^-^ 1-4-3J 

d_j^j^>JI L>LiJI (j! ^Jl IjjLil L^Il^. <Y« ♦ ♦ ^LtJI ^ (jl^l £L -2i>-3j 

.al i^to tlal uuj lSJ - ^' (J^*^' j*- 5 llV 1 '(jr^J-^' j»Jti! d S u< i U 



a^ckaJI'ft. il^ll 



SjJLS L^jJ fjJJ 4.luiIU 4j£.Jlj>JI LMkJI (j! 4la ^fl flj jJa Ijufcj ,( UY ) 

: Autoimmune diseases 2Lul JJ\ 2ic.mi >«i ^ilc. _ o 

:JL1« 

. \. 1 1. 11 >1jJ1 _ 

. Jj^sLail <_jL^l!1j JljjjjLojjJI _ 

Lupus erythematosis 3^5 jJ t J*>j* - 

1 4 i n n't Juji^>JI Lj^L>.j sL^jjijl (<i^-l-^J ^^LUI jL^>JI Lj^Li. (Jas. La f-u^a 

I eUjJ 

I Jl^J Jj-flj i_3j_ljJ . 1 (j i n n'l ^.L^J V 1 g U -*J m i J L^ijfc-aj-J J I (^LUI jLg->JI 
.4-i^ji^JI a_tlij| CjLaljiiel^l ^ jLaVl JjJo-J 3^LUI ^ }Lal£ }Lua3 ^jjJs^I 

j^>JI LjMiJl Jlo 1 2Jl!LJ1 a^c ji^JI LOliJI <u j^-ali La ^ bUlcl 
(^JLl L}UJI juk SjaSj iplasticity ajjjj.1 aJijjJLJI 2_j^Li. ^ ^aU a'; m, UI 

Lj^>L>. g^j—Ll LaLaj jjLjLoj i_k!Lje^o La i n i Lj^LiJI (j-o J-i-l ijj^^' 
d j ir-iL>JI oJUk IjLo-ILcl <J_ajj_i iC^j^ljJjj Oo4-i "L^J O4JI 4_Lo t _ JT IiJ1 mi (II 

, ->l U. II ^yil Lj^Li. ^"i -r j II R. E iBlttner J-u-JJ JS-o (j^ia-Ll ^ Jiir" t iil 

j! c-JLaJi a^JLUi *l>*Vl ^>Lc: ^ ^ a s m . u i a_^j^>ji LoUJijf 
li^p. j^ji s >j^ji t^k. (»jlU ai<i_ui a_L^. ix^i\ Lj>uji l£Uj SjJl^j diiij . jusui 

. ij-,».^. a ^jLi 4KVI L^Jj». j_4^UIj l a_iJLiJI Lj>UJI j! 4jI <^U *l>>.Vl 

jjLa .<— il j i>i «Jl Lj!>L>. (jjiAj ^1 jjjjtli (jl Jlju I ^It a (1><j (jl <-\il* V j<u 
(^Jl j»jJLI a 'i .m UI a . c j >J| Lj>LJ-. cJj-^>u I j|q uaJLl j ■>> «'l ^LS' 
ji>i«H (j^ ic 5>^.Vl (_cLUI Lj>U. pl^jf 2u2j ^Ij .Cardiomyocytes Lj>U. 

. I jiSL&j ... L^£.l_cjl_i (jjjLjj^LlJI Lj^>Ls- oJ^jo LuiLjj£LLi uj I i ^ 1 1 

cU£.ju>. Li^Li. (j^o mj_^cj l_4J tajJI I (j j'^ (J-flj j^yllJI «dilaVI (j-oj 

t Muscular Dystrophy u l<^ «II Jl^JLi <_a j_ju ^ j_a ^jJJ a «; ua a 

. Skeletal Muscles aJSLj^JI <j^M .^«H 




(JiL>JL> ^ j ju lu 2jLuol (_)^>>j i LuljJ 2JJljla jL3 (j_ai>-LjJl j>jLir"i i ul Lij 
(_jiaJ^o j-ji-C pjl t .1 j 1_3 J-£i (j-o I _i ot^r LcLJtj I ^lSJj njLijLjyi i _^S: 1 i>i <tl 
(j-a Lo Jljlj IjJljvj ijj^ojJU ^1'^ «J| (JiL^JLi 4j| uajj SjLill 4j I j ^ «Uj 
I j j taj dilJa 4jI uaJU SjLill <"Al ,'^.tl Lj^L>- (jl j<3 uJI i d-uajj t jj^ ^ i"i 
o jok (jl ^Ir Jjij Lx-« .(j-^jJI) 1 1 ntl jt-i!l Lfcj J i a a SjjJljv 5_iLua-C Lj^>L>. 
4jI uaJ,l JLLUI ^Jl Cj >^>-L* - fijlmH jLaJI (j-a Clj_>l - LOLiJl 
4 *^!>^ d j ioL>Jl w Aj .d m_a_i L-J^l iJl £j i O !j^>oj 

clIj^sj E. t Lagasse ^L-V j>^-5 l£>^ ' ' JLLo • < - UV " > ^jjjJJLi 

t!li-L>. . jLU-0 J^LC O^J-*^ 'M 1^1» jL3 J-J^ ^^LuO^ <_JjL>U (j* T J 1 1 

tfnl r n (j^o j» JlI! 2 'i uu U <Ll-c Jl_>J1 Lj^L_>JI ,j^o 2 j <i'i Lj}L>. I jJj-c 

Lj-cLitj LaLaj I j <'n°i LoJljlj i2jLuail jt_ill ^^1 ^ LOLJJl tfj-A Ij 

(jL^ i_jjJI *IjjJI ji^i jl (jj^ ^ i"i (j-o Mj-'y -^vj • ^1 » '"'^L 1 ^ o k<tl 
jlLc j . j jSJI JL>. jj^jlj ^1 Lo _ j j<ll 2jL«^>J - jLiJI u U<j 

jt-i!! LijJUaj Lj^Li. (j^o Oj j j $ 2_la£ cU (jl IjJljvj J_jSL!1 (jr-iT fl 

2_lC JLaJI Lj>L>JI <j_a . U S 'a 2_lL>. 0 • _ Lj>L>JI (j^o !jl>. 2_Ll3 2Ja 4la Cj-Li-I 

M. ,K. Allison qj m i tl jjLUI «juk cm t- .I. .^ vv ^ j»jJL! : 
L>Li. L-cXl--v l( jL^)/l ^ vjj^J (jJc Y • • • ^Lc ^ 

jjLiUI (jJLc (jjiintl J ir-m^ o^iA' j 1 " > cr^ f 3.lul1U 2j£. jlj>JI Lj>L>JI 




^ ej |4jf ^ jf (gdOJ ^i^JI UaJt 

j^IL^jJI j^ais - Luijj-aj (jjijjLj 4_«-oL>. (^ _ Y • • i |»L«JI (j^o j j a i njj (^ 

Lj>L>. (j^ jj^c: ^Luy (jlstJI tLSj^aj Luc Douay ^Ijjj ,_>u_aJ 

d j i ii "i D d t j j U 11» <||t <i 4—x~ljx-1 d-^JJ ^^-S L*i!i j uuj . «Ij «_>J1 j»jJl 

L>Li. ^llil» jl>lc- o*] Y - • o jjLb ^ l(l Nature Biotechnology 2j_o_l>J1 

Lj^>L>J1 (j^jjvLJl |> J-a-"i i ul (jl>- LiLljij <((jjJL>JU (^ 2jj_iij cL^UaLj *lj_43- j»J 

21j_J 21:14^ 21u ^ Stromal cells LMi. ^jlU 2-lulIU 2jjij L? Jt 

(j^s _ «:ij_«_>ji j»jji Lj^Ls- j-a-ij jjji, (jj_j j u ti (jLCii - j>i t^<ti t;r ij 




'a^claJI'ft. iItII 



Lj}L>. 3jL^-LI1 I u La «J (^jJI tfUoVI ^ J^Jti! 2_LC.jL»JI LOLkJI mi" t 

d jl o r I i^jJI JJLi tljl jUr I (j al Jl-st" i .il (jSLaj idj^-uaLi 

,( U0 ) ^IjjiVl <j-a JljJulL! iIjLLoJLi £>L«JI 

(j-a d "i < "i a (^Gj ijJLa-a li^jj^s. i 'l i"i (jj-i (j-a 'O <3 "' 'J ^ f ^1 O^'j °' 

^a i h 'l j«J 3JjJl>. «L^vjJ^jj I i r-i i r-i 3 j *LuS/l i ri uij&, 'l Lul ^liJIj !jJL*j (jl (jSLaj 

tiilj :Sl_pJI 2 < jjU ojukj .Sjj5cjJ,l 2_lL>JI ojuk L&l uu£l (JjJs Lg-t£. 
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jjj^aJI (j fi" a |»jT Ci L t-j > . <— il i i »VI ju j-a 

L^j (jlsjVLa .^ycLil oj\ $ » - iiLi jjJ (j^o - jjfc 
jSLJI j_^JI ,juu Vj ^ „Wi V oL^K 

j_a Lg-uaju CjUjKJI oJl^J jlj . (J|j_£>J,l j j t ir-itl j 

j_4 CjLLjLSLJI ojLjfc j-(_! <_JI «Jl j-£-!j c 

i^eJI . ~"tt j| (JiljJill j»J^cj " -ijl uaaJI j i_a5llL>.VI 
t^lj uaJI J^e-J J-^-VI (j^* .'N I <j *j J^-Jy Cr^ 5 " 

jl J^_»_uV1 (Jli-a i3j-_j_j£LJI d 1 - j " flXI CjLjIj_l_>JI ^ya _ 
<OLlj>Jj <U f L>- JjJl^jJI tiJJj jl Jj 4 j_fti]| j! L Jj_iJI 
V ^ 3 i CjLjI (j-a <U£ 4 1 ni->J j (Jj 

jl tdil jlj nMI j Ijj_ljSLJL£ i(_$j_aJI j_^>J.Lj VI 

jl I (T- rVlj.CjLmjjj J li IL£ (jjjjJjSJVI J_£_J>J.L| 

! jjfcUJll (irjSL VI V j^oJI cjLdjj-iiJI 



« jLt^>JI I jut ^.al ju 




'a^claJI'ft. iItII 



LgjLa UkjJil CjJlj>>j joJ jl CjI • ■■jij oJuk (jl ,Jj Jo-2 a Ijuk (j-uJ 

L&j-ucj ""'^ UAtlj LijJsSLJI (jjfcj !«!•<■->■ Lg-La j jJ, LijIj 
j»Lol 4 * » ■ d , „ c I "i jjjc^j j i n->Jl joj>-L^j (_jjJI i_jj^>-^! 4 S-La j II cjLuLCJI j-a 

4 mi (frjJLi t_i I uaj V (Jj. <— i I ii i ii U j-a J-i-T i. u ih £Lrt_uJ j I n_jl_u/j|j_Li!l oJUk 

JUx. _ V I Jjje_LJ J i n ->J1 3 «_al_<J 1 Lij_pSLJI jl C. «lir I jl 

Lij—ljSLi ^1 (JjjeJu _ Oj-jUC j I ,_p3j_4J 2_il_i^3^/l 4^jc_ljj J i ii ->J1 4_cl_La i flj-ua 

1 J i n->JI i_iJj_iejJI 4jl or IJ-JJJ SjIuJa 
j-a J i-u-^>JI Ijuk (j_c ^al JU ( _ ;r cLLa (j"n a- jj-^>.j j-a JU V (jL£ liUjll 

jukjlj .*lj_u ju>. ^yic 3j_j_ji>LJIj 2_S_l^jlJI 2_jjj_»JI cjLLjI£LJI i_lLLj (j nUj 
(_yic JiaLajj <j-a^l (jAJtJ ^^Laj juk La <J£ I ijjlr i^li SjucLs 4J j. i -»JI 

(jjijj (-_<Jj-C. p i ii-^- jl» SjLcLSJI tfjuk .2_Lal^jII 3j_u£Ltl *Lalj_L>| tJJ £ jLaVI 

_ 3jUJ lu 4j|j_aj _ 4j|j_a 4 I ua 4J_ljj Cr^y -'— ^ 3 (j-* ^ <j r (jJ 

La-Lpta .«^J. i ii-w L^LiJI CjIjLla j-a 4_il>. J£LJ IjJLCJ ^ IjJLC Ujjlc I 

n_gjL»JI (_gj_l»J.I Ijuk 2_l3IjJI oLLujjjJIj 2_uc.LiII 4j^JL>JI ^j-ljsJI 

V iLu (_£jJL>. JJ-La (Jj-a 4jj_a LaLaj JU-ojJI j-a uJj-Laj 4jfc_3 J i a '«VI (Jj 
i3j_u£ JLmJyJJ d se La i oJ I 4j>-I i n U C-jL^ U, J . 4_La *L->-J Ls^LLsI 4_ia SjjLa 
*.ju>. j5> utiLJ jl jiij_a-jj jl 4JJC.LUI ,_pj_iJ>JI ujuk t— o > ■- — y T t ,j-a 
jjaj jl JLC. JJUiJI (jLa i^Laj jjj j^a (Jj^s-VI s.|j^>-Vl tiJpJJ JU^ijJI jjj La 

^LsjJI ^j-L^. (j-a ju V (jL£ liiljj lS^ lV 5 i J^-4j 

2jLa^>- (jjs JU V , ( _ > iukJUa JjUC J i ii -*JI >lju>.| jy;_»^>. (^ric 2_C.LUIj 

j»jJ jl JLa i La ii a '-"i i im!j <-«jI j 4_aJL>. i L»jl j Jj Mj-J jl IjL^j Jaiia (J-ujJ 

I JLil . 4_i_ t _i- o d o ^ a LgJ Lii i<K j_a_»JI jl JUa (^rlc <Jj 4JLlu j I j ,j ~,i jl 
4_i_a (jjj-e^ c5 j-J' i_<^LUI ^-j t uaJI (jlSUI JJfc (jL^ ^1 '«^iljL^ Cjum A 

^LajJI (Jj_»^5jJ 4 Ij i uj juLj. jjk (jl^j i4_icLajJI (_)Iij_l>JIj S_al uaJLl ^1 i n-v^?l 

4jI o -»JI j_a| (j La i4_ti 4_JLi~ (Ji>J)j Jj ij iAf cJ-^J JUi^u>JI (J^-J 

4jjLiJI j4jjIj^>JI «juk (Jj^-j (jj il -(_LU- Ujj ^Ll2JI i . i U-^j ^jkr SjLajJlj 
j^a ,Jjl ^^Lia it-i V 1 ^ jJL->JI (j>c Lijju>Ji lilj .(jLjijVI SLljJ jujup uLl»_a 



Ijuk ^ajJ Vj loL^Li. (jja JLsLiill ^ajjj |_JJjLjjj (jl JU V LUajI 

l( jLaVl J (j-aVl 4j_3j ^LsjJI 4_i-aj SLljJI 4-J-3 j»jj| (jjl.^jJI (jj^Is (j^l VI 

<ji-3j)J * « IjJj-i»" tiJLuk (jl JL_ j-j i^wjJI CjLj_j£La (j-'-*^ ^J-II 'S a-l£ 

( _ y ji_j . J m -^-^1 i _ ;r 3 4_cLLUj ^Lsjlll i_ajLLb^j Q^_aj_2j (j-jjJI ^<uk tiaj LiaJL 

i ( _ ;r c.mi jL^j>JI (j"ij-w Sj_L>J,l JjjjjJI tjr &£ i*Lja_uJI j»jJI Lj^Li. 

<_L^VI ^ ^L2ii_Lij Lukj B iT ^LLi_ii!l L>L>JI g.Liiaj-xll j»jJI L^L»- 
.^IkiJI ^ HSCs ^jJU 4i.HU 4^ jljJI L>UJI <>> 

<_3jjij 3^ L° ^jk. J ,.i->JI ^ 4j£.LajJlj 4-i£.l_iJ,l jj-oVl j j 1 n") IjtSL&j 

jf SjL^jVI SjojLji <J^VL>JI »1 m" i ,iLi J£j i|»Lliiilj j»Ua-Li <J-5ji3 ''-^'j 

CjJlj*j Lo I jjtj iA rijri 4itLjil (jno 4J ^ (i i~ l_4J VI J-^ljJ Vj d o 1, 1 d" -r\ , u j 
^^LUI jl (j -rit CjJlj*j jo-g-o c *-*^ (j^ ' j^VI (j-"JJ J flJ 4jI_i^3VI £-a 

i4j_o!>JI J i h->JI «JliLjjSLa Jlj^s t d 1 nrt'i jLg->>JI ' ■ 1 7i h i^^p- 1 LjLp-l 

(J^jcjj 4_jjj_c Lal 1 11 -v I 4ja- 1 u )VI uliL^oS-a (j-a Lfcj_j-C jl Lj^>L>JI i_ySJU j i "1 t J 
jio LaLjj c-Jj^. jJlji^ LgiLoLt^j I ^"1 o -v \-Q-a I JLjJJ 1 1 fljlf i_3j_*jJI LaLjj 

.Autoimmune Diseases 4jjI jJI 4cLUI 

Liajf tiJLufc Jj i^^LUI LijLjjJ ^jLjJI (j-a *|jLcf tiJLuk ■ La aa (jil 

jl^>JI ^>i-VI LMiJI j^-ua jiL«j UL^U. Ji-lj) 

( _ ;T IlJI 4_4_Li.jJI t_<Slj_»Jlj Oj jU-»J| ^jLjJJI (j-a . (j-^jJIj j ^ mIL 4K 

_ L»j2Jj_a lili 4jLzjj j»JLll ( _ ;r 3 (jjj_uj^£LJI 4 j mi Sj)Lj ^Ji-ij 

(jjSLj (_gjJI i^jJLljJI ^ya j_jil_»JI j 1 Ml ^jjs jus-Ij-jII «TCF i—s.^-cj» 
j^fcj Interleukin-2 (jA£^4_iJ_p-j| 4< ml ^$-a ^jrGjjj ,jjj£!j j-I^j j»j-2j LLujjj 

CjLjj'C j «ill I ajlj) 4 hnj ( _ ;r i (jj^J (_J^ *l Ja_j_jJI j»jJI Lj^L>. 4_jJLj (jrtJJJ-J 

SjjLj (jLa I juj , ^ > 1 n -> J| jajvLgjj JiJ^?-^ VdL>^ ( " 1 " > U>Vi (*tH'>^"j 
4 -»■! i 11^? (_j_i_a_»JI (»J-iJI Ll-u n (J3^-J » J jUtl 4jj_»_a (jjj_pj^£LJI 

i^.i^i t II (j? i^LUI jl |g ->JI (jjj_pjj£L!L3 iS—L^LajJI j m ->JI 

. J 1 n-»JI 4^.l_La (J^i (<mJ'j Jajt i^itlj 




SJjJj - I .U m Lj>^- ^ (jr^-P Cr^l f -J^I 3 S utlXI 2_LC Jlj>JI 2_iLiJI Jj>JI 
jjjLi <tjjj (_gjJI I flj ■ u a j_jIL>J,I ojjua (j_oS!j (jl e_tJcJ iSJijJl>. 

olj^Li- - 1 Lac L liilij t JijJ ilitl (jLaJlj jj^lllj <_tl2J I j S-cLUI (jislj-a^ ^^Lc 

^yJI jl «.l_Lis_U j»J Lj^L>- Jj->>JJ tiJLijk J_4-CJ liijp- t J J "i ->J.l (jJJ 2_J_C JlJ>JI 

n. .j J - »^! <Jj"AfL9 S-*d>-*-^ JJuJI ^^Ltil lijl (j "w L^J t_3j_*jJ 

.<Gli j i n->Jl cL^ajlj Lj!vL>- 
Lj^>L>JI £>iej .^jJJ 21 il.iU Jl^>JI LOljJI <j-a (Jj^ <j-a Li^j-c La£ 

i Jl*j i'it i Ju3 (jjSLi (jl (jjj (j^o ^liajiJI ( _ ;r ij (j^a Ijl>. Sj_u£ oLuiSLi cU£.LiI,l 

I_j2j IJl-ljlj (_gj T-j 'l (j niiitl ^^i-C .si o "i r Vlj g^ialllj 4_uj_lJI Lol nUii a 
3j_aJ iUii'q jjfc (jr'^ j^s-T (j^-a jl j^s-T j i'riC iJ ^£ j<uj 4_ujjJI_3 .^liiuiJI 

JjJ j<u t(3_9-LaJ 1 (jc i. . uija j jSLj jj iir-itl 2j|_CjJ jJI o Jij a: o j tG-UjJ 

>LiLa-3 . «IjLc^l (j-a <U_a^>oj J-aJU jLj dlli Jlju Jj-a-jJI Lj>L>JI d_JI 

Thymus 2^ ~ * uaJI 3jlJLII ^1 sl^Oj 2^»- ^oUJI T Lj>Li- 

j' uaJI (jr^-l LtjLS oJLso li^p- 1 4j-uaJ (_^-i>- J-^*-' f-tj-uJ ijr^ ^ S "ZJ " 

LLv oli 

IjLjj i2jj_j_«_^aJI SjJLll (Ji-ljij . «2_jj j j n> ^ a i n"j ^j^j i aJI 'L^Sj JlJlc 4_tlje^ 
4-tdflj alu j 4j_ajiju 4_tLax IJl^j <^(j>. t T 4_^cLiJ,l L^L>JI 2^ i .nj ^1 i *^ i| 4_lUx 
(j^3_jj_jJlj t_<jj_«JI (j-Gjij-jJ! (j^-J j— J-J-«-^II ^^**~ I j^* T*^ T ^^-^>J 
tfjjj T — kJ (jjb>H («^LiaJI i-ijj — »J (3i>^ J-^l_jJI (j-S liili iSj — *iJ 

jjjj (^jJI (MHC) Major Histocompatability Complex a^s^Vl J^IjiJ 

ij»jJI _ (j-\^*_Llj| _ (_jjjJLll p i .i ->JI (Ji-JJ (jteejS . J i .i -»JI Lj^Ls- 2 U i .il^j 

(APC) ,>^_p:>U 2^aj^ai LMJJI Lj}L_i. Jklj JL=J ^La 

J i n -^Jl (j^j_jj_i (_p3^cj jojjJLHj j»j-2j Lkjjju (PJI Antigen Presenting Cells 



(MHC- UrUJ^I - (jrl^JJjVl ^j-w ejSjju La LijSLa <Uuc J^Lb ^MHC 

joj 'S^j-tl I j-* ' - jjj T i. LLaj antigen Complex) 

J 1 m-jJI lA-f*J c_»JjjlJI ' l - J " k U-° O a ^ ^ (JN-"JL^ "Lis-^LLa CiljU-->. CjJlj>u 

(UV1 

< I ri JriU J~>-T (jilT 1*1 (j-O I I" -CJ t d 1" ->J. 1 J i n ->J1 Lj^Ls- ^ U i .1 1 

jinf j I 2Jj <i ia L-i^L». ikiit jl (J_J-J-2 i fl-j ri Uli i_a^>Lli.Vl 1 Jlj* ^1 jj>-j.jj 
I (j i >n J cl -riJ- 3 - d 1 " ^' CjjSjJl - L$j| J4J . l_<Jj-C. Jij^v ,j-a Jj ii ia 

c^-Vlj £VL£ ^JjVI 4j|j_iJI ^ji o^Li^Vl dliljl j^Vl 0 r.« .11 (> 

gjjJu 1 1 a i»j j r j T j B Lj}L>. (_Jf< a d j r LU I Lj^1_>J 1 g-uia-j j<u-i (j I J^ju 

p i 'i "v (j-C cLTLj>.Li J-j>i j»jJl (j 1 U i"j i J i ii ->J1 *lj_^>.| ^u-v (_,_!! LkjjJ-i 
t-UjLu <LaJ (jSLI . 1 j£-ifcj jLus j<uj/ jl Ljj_uSLi jl (jjjjj-ii^ (J^p*- 5 (JtHlW j' S-^j-^- 
(_yjfcj Sjj^ajJl SjjjJl (__-]! ^J-^J T Lj^L»- (_y3JLS (J-kjcJ t_3j|j_«-a j-jtc i. u i .i j i La 
*Laij (jj^j Lcia-ii I gjl flj i aj (jLa (__-JLl!Lij i 4j5c_U3 Li j_lC - 1 j i^aa- 4 i ^ oJlj La 
LflLvl (jjs (_y^t cLuj/Lu/^/1 d rijlAjJl 5La KiLiiJ La^ i_3j i r-i" j iSJjj i m j_lc. 

1 L: ' La b icjj n. u j ->Jlj ' 1 aJIj j 



jj^a JjV IjJji £Gl_Lu^j_i SjjILta 4_<-u_flJ J 1 11 -»J1 Lj^L>- <La^>-L^a I j-a^l 

TLj^>L>. J « jj Lajs <J_1jj_> 2^ " « . ^.tl SjJLll (jLa j^ti! 1 SI 2 > la id j lr f.\ uia-SJI 
(Jjt_flj 1 ^jjtJeJ «U ^aLij-j ^1 jj- 0 w «j;UH tjr^'j^' L^-a^LLa 3^1j-j iCL^-ciaLLll 
cGl ji-v ClU tGlj—jji. (_^Lcj OtJ>-j^>. <J_La (_^iJl i J i ii -^Jl '"'!« fl La 

TLj^Ls- ^\ t y i iil LiLo-lj ' La-uluj j»J-2j ^^j"'* 1 H SjJLll (jl i_3^)_itil (j-a^ .CilUl 

Lj^>L>. £-a (JilLilu L^jl I gj fl J < l"l"l I n"l (_^Jlj ijJ-iJl L^Lfl j « 1" "1 I 11" (_^-!l 

JLjvjj Jj i t—» ji"* 3 ) Ijuk (J-^f! • LjJj-C 1jJl£. L&LjI Sj j" t a I o-vLujjj d 1 11 r^') J 1 n -»J1 
TLj^Li- ^jU-»o fj^S L&jjJj Ur^' (j"ij"i rt~f H JaLflj ,j^a JUJjlII J 1 n ->J1 

<tK dJJjJ 2^5c_iJljj .C^ajj Cco- t la d_La (_jjJl J 1 n ->J1 2 A 2iXlj Sjj_a_il,l 

TL>LiJl «jok 3-L>c. Immune tolerance ^LUl ^\ * mil JAij 

Oj^-tJ I a <_l Ij U 1 'r-i 1 j ( _ ;r u3j_3 Likj^-iu I a f^juajJs CjJLjo iSjj a_lil Sjjl iSJl 




'a^claJI'ft. iItII 



Lj}L>. <^iljj «Lst-uj p t-> jJaj .( j i n-»Jl j^fl 2x.LUI (ji^L^. j_y3 ' . >lj tajual 
d t-> . ..I dj^ J 1 1, -»J1 0j_uG ,jj»SL«Jj La-a i La j''-"- j I La i u i jl La 

_ J i n -»JI t^l_Lujj_i JljJs _ 4_uli 5jl i a a i n 1CD8 ^ a i oJ T Lj^Li. jx 
I j ""■ ' >■! (_ T ^JI ( _ ;r U3_a-iII i i I I" j (J1><JI Ij-ifc 4-^ajlJU t_) I j " II 4_iLa-JLJ 4jj-5e 1 a " 
(jlslj-al i Laj i h II J CjJl^cj La jjfc IjUfcj .j»VI L^La. Jlj^3 3j>j-a-UI T L^La- 

TLOLi. j^ijtj <Type-l ^ . p^itl jUl *b JliLaj .JLuIjJI 2_cLUI 

Ltj j "i «"i d j t .iLjj'v h II Ll_u L^Li. ( ,JlL>J,l ^IjjJI j-aL)j_JI Cil j ) 3.5j_a-UI 
I (j 't ajGj I o jt-i ->u I (j o U t "i fl n_iJjuj SjLjiuJ I o \ I (j ~i fl t J i n ->JI j£, 4_JJJ_C 
,|jj| 

T Lj}L>. jJaJu i- .-t-». (^JijjLajjJI Jj^jLUI (_jL^UI (^3 JLJI I Jl^j t^j'viiitl 
tiJjjjj Lfl-aiajoj Lj^vLjI^ iLjjc SjjjjC. Lfljl iJj^sLUI Lj>L>. (jJI Sjj_ail,l 

4_aW 

jl VI .4jjI jJI 2_cl_UI J±\ j^al j* d^jLJI cIjVUJI £J-** ^ I jSLfcj -2-^.j-UI 

t l>l>. ^i 2_ui jji a^mi ^b-al jsi_^a Ij>j <<j o^lji 

j_<iL-a J*\ i"i_) 3ji£.l i n a iij^>-l <J-ol_9-C- (_j-II lj^* p (j V Ij-C- Lajj i'Olj J i n -rit 
" 'o j— £j Y • • • j»L_«JI .(_p=lj— a^l tfjLjk jj (j U j— ZI/I j a j j f- jl 

4;Uj_aj_ikj iuljj J-al_o£. (j I ^"n- jtl cUL^sj Grossman . j. m jLjjj/jjji. 



i2jj i_a_o-<_u J i n-»JI cLcLUI Lj^Li. jl jdjvLJI j^a JljvI jJl^J («-5 



2 n^j^La I (jU-^a Lj>L>JI liLlTj ^IjjJI joUJaJI Jji.1 Jl2J . J i n-*JI JoJa La Lajj 

^1 j^JL. J^J aijLS !L>UJI J^b L>UJI ^ ^1 [j .SljJJI 

Lj>L>JI ojuk cljy^l JSLiutJ l<j iJajJ J^L Jlj*.I_oJI Jih->JI L>L>. OuL< lil Lb 
<Jl!jj_<I/ JLaJ S pir i Ml j_g J i n -»JI jlj i jJIj (_J^L>JI U (i 1 1 Sj_<j/L>JI 

Lj^>L>JI (jLi Lisj^iej (_gjJI i^IjjJI LjjjiSLa (jiijij^i Ljj^s/ t Sj Urillj 2 ♦j.'^itl 

^gjljj (jjLitJJ pjC.I-Lij (J^^ Cr^ J"^^' (j ^» .'H J-a I ^ i'n IU J^JU (jl 

fj^ll 2 j r LU I L^L_>JI ojuk jji .pSL»^aj j (i "i a J*\ u< ) 4J C^alj. (_gjJI I (jlo r 




(Jjia_3^l (j-o (j-oJi (j-SJ .cU>-^l_CJ c(JjJ^_»J (j-o J_> (^IjjJI I (j -r aLij-l f_y£ 
(jJlC 2jLa^M (il^Li I j * " ^J-uafj (j 1 n >■! 1_4J L gJL> .1" t iilj Lkj_tj-»j 

J< ud £>L«JI (^3 4-ajLir~i 1 n U 4jJ jl^'tl J S_JL>JI jj-IaJI (j"^ ^J-*-^ 

,^>L«JI 3_j_cl j_^>JI 2_lL>JI ^jJr" 1 n m, 1 L^j ^,111 3_j_o_jSLI1 2-3j_j<_a J-Js ^Lc 
La J£ (jSLIj iS_ul jJI 2_c.mi (_p=lj_a^ j-LUs i_aLi £>Lc j^>-jj V j»Lc J< uuj 

4_uLj_«_iSL!I oJUk (lyli • c ^' 3Jl>.j (_p3jJU 1 *j a iej " aj-a-ie-Iiil j-A "J^-j^ 

i Lg3l o k iaj cLcLtil Cj I U j"i a j jsJ^/I ilil i'C i n aj cliLiL^pJVI <Jlil.il iha t»LajLir~i 1 uX\ 

t n "^3 1j^>- j j j < jiil L$J ^1 djljjj—ujjSLIl I g'taj Steroids SJiLal 

Lgjj^a J-sr~i 1 im I ir (j^3j_»J (iLJa^l Jjt^cJ La-* iJ 1 n ->J1 f.\ f \ 

(j^i i_i!l_uk diljiJi . LgjJI cLjiU! tLvLsJI J-t£. 1 U ii'g Lgjj^ajLir" 1 ujj Sj-jSj 

Sj^>JLI j i_jL^iJ>U a j jinU Cytokines j-L^j~n mtl 3jLa irjIU.wa SjsjVI o jok 

.B Lj>L>. (j^i SjLUail ^1 1 n-vVl (jjjSLiI 

SJljJl^ ^l£Liif jii.Lj iA-ul jJI d_c.mi ^Ij.af jjf j j iVi (jf Lb jJljsjj 
OJ- 1 O -4 '•kJia 4_Lljlj Ij ' 1 -j ' a * $Jb La I ^ i o a . LU^jI d a b a 4_jL-isl J 

^jJI iJjVl jjj'v mil iiiJj JLi-aj .(jj-^-f »1 i>> r T (^L ^1 1 M U 

CL3-^ (IV 0 ' J,' t-V 4 ^-> J -"' t l_Aj_a Jljj - k» ^ a 4 j 1 iiLj^ i 1 W Ll_u Li^L>* 1 -j ' a * 

Multiple sclerosis jjuLUI i. j^i-T Jlla ,3jjL>J,I Lj>LkJI <j-a L&j_uL 
I >I^j ■ - .'l uacVLi Jaj >u (Myelin) (j^jJI 3 ^..U j i»i<jj ^jJI 

^jLa (cL_Lulj L_a ^jl£La Jlj>*Ij j i a * I I ^ J 'l i ajj i _^al^_a^l 0Jl& 4jtal i n ) ijr JI 
^3 jjSJ . I ' aj 1 j i n j a ^^L«U i a J j ^ L&JljJlj><jj Sl^ , „ L^jJI (Jj i^ijJI 2_lL«^. 

(jl£La J-J^l i . m (jJlJI £L_ljI jJI sLcLUI (jlslj-al (j<-it.t tiJLui i,JjL2J,I 
i j i>if (j^a J-J-^l i . m i^i jl JlJL«j j j 'g LlipUS £L_ijjJI (_paj_a JI-ILa t J m ->JI 
jjL^f j^j K_iL^a-cVlj jJ,l liUjiJij jJL>Jlj Jo^mij oX ijajJlj jrCUKJK 
»1 />. rVl ^ JJljlJL!! Ijuk .JLjvjJI ^ L^la olj j mil ^ Ijl m, ~')l 
Ajv^j «1-cl»J Ji^>.lj j i^f •^■3i ^ t — 4^ ' I J » 1 ^ L^>-^-C (_Lt*J 4-ll uaJLI jj^La^l 




a^ckaJI'ft. il^ll 



(jj^vi JjJ>. Liffc l-uJO^- J-^aJij i_3j_u/j i£>UJI j^S L^al jJej_i-ul 

2LJI ill 2LcLUI ^1 >«i £^lc ^fl |»JLtfa uh UI iUclLjjJI 2UUJI j»lJli%2u<l _\ 

Richard Burt < » "jj j>i£jJI JjL^>- liili j-aj < j j r "j j-j-c. I j-a! I 3 -^N c 

0 (^3 ^ jJLI 3 S uuX\ a_LX.j^>JI L_J>L>JI ^Ij^a- "1 ml Y' • • j»L*JI 

■ j i. . -* J1 jojvL^j ^yjJI (^LUI jLg-jJt Lj5L>. ^yic »1 i>> iill ^jt, :i — a^j — gJI 

Lj>l>. u 1h' (j! ^jWi m" l^j ^jjj a j i, ;u a_j^ij^>ji Lj>l>ji ji j j~ 

. cLa-jT i^j d uji i .1 4j£. l_La diLiii j (Jl! I i 3x l_Lo 
.d i mi") ^^aJj-cU ^jJJ 3 'j ilii U a^jL^J! Lj>L>J! ^ •.5wajL3r~iinU Lj>L=-J1 
d — ^1 — i. jxj clilj — ii t a-1 - f-u^ui J-j— 3 - ^jia-jjj,! jJ: — x^ : ils\ j t-i-^Jl 

Ji.b ,>8 S j_j_lJs ^Lla^j I «iVVg HSCs ^jJJ a S ilii U 3_<-c j^>JI L}LiJLi 

Lj^LiJI ojufc j-i-Jj jali .3j^ojJI SjjjJI j»Llaj(JI ( _ ;r ij ^^3 ^,1 Lg_aL2_a 
a_^C.ljJ,l Lj^LiJI j-a ( _ ;r 2-cj joj 'Jjj-'J L^"* 3 -^-' 1 ' f- 5 O' 0 SJLuu.II 3_j_cjL>JI 

(j^o (j^!vLi Li 4_l3 L£ cj ljA^- (J I • QJ-*J (*-* ''^ ^ ' lS-j-* - * ' 

(J12J ajjji jjAii. ,_jisjjj,i u ta (j^o a i .Li u a j r jljJI lol>ji 

£^>L«iJ LiLo-ij _ cUoJi 3ji^>.ji,l 3ja- i b LcJ 1 Lli 1 Lj^LJJI 

^jJJ a % iliiU a_j_cjLj>JI b>L>JI jiLtj joJi 4 ■ li aj i^J-^JI j j 2 a ~ t ^\ r u/VL 
Homing^li^Vl ^Ia_^ll ^1 SjjjJI i_^>- 3 j i^U^jj i^j^uj.J.I 51 21X1 

i LjJajj LLu L^J (jJilll SjlielLo j, 'C i ii <"j j 2Ii ■ "~ tiJLukj i ^ IIojJ I (_^2-i i- i it>jG 
J i n -v. Jt j «" i n_i .cLj^jusLj d a jl i ii SjjJi->- 4_^c l_La Lj^Li. ^1 J.jL*jJLi 
. »1 li ilitLi ^ i_l Jo j^tLo ^yjui^l CllJiJeJJ pjl i ntl ^^LUI i>jl (j -w till jj 
(3 J taj (jl ^LjcLij 3Jj ^ i ii _ij (jSLaj cLjjjJI (_p3j_a 3JLs. (^ all2-jJa La IjlSLifcj 

3_u!jJI ax.HI o*>\j-*\ t=!-*^ ur^ 

^ a^LUI L>U- ^ (JL>JI (j! j^hJI <Gf ij\ Ll* j^uij jl jjVj 



j-aVl ~- ua-j ^j.^ jjJ^jL^ ^olJ 3 S ilnU 4_<_c. Jlj>JI Lj>LiJI ^jl Lj>U»JI 
*J ir> 4_Li£La (jl lijJ^s- ^!VLc LiJjLs. La lil I Jl_uL*j i 

jJs jJujl^.j . ^Ui. jj-y i_aj < .1 J-Ls- L* cjJ^Wj 'J ^* L-^jIj S-cLUI 

(J^LJtLd c-JL^- T jj tpjl < u j-^>-I ^j^ 1 "" utJ ^jJJ 4^ mi i U 4_j_cJlj>J1 Li^L>JLi jl i d t 
^/1^ (^isjj— «U lj^>- uaizjui (j-o Lj^L><JI tfJuk Jii.1 j-a JjV LUijI 4cl_m 

<— 1 1 mtII J^lj *Lcj^j»Ji1I 4^ miiU 4j_CJL>JI [j^L>JI Liiajt C^a Jiir "1 1 nl U* 

gJL*i,l (jr^>JI Ji-Ju uLi («oy . a_ui jji a_ci_ui <_p=i j o V l*juii 

a_iiiJI . jtiVI JLiob f»j_Sj («u nr 1 j r, ...U 3 j rj^Jl LjMJJI 

jSLaj 2_2jjJaJI ojbk J i^iii ij ,cL>.5ic. -5ljJ,l j i^nll _ Ljla (j-<_>Jlj 4j_c.jL>JI 

JA\ SjUI (jjfcj iCytokines J-Ju-Sj " j > >■ Tt SjLa >^it3 cLiJI j* jj_.--^LJI 

<L2jjJo J i a a I (j I j^j-jj .crjLil ^"i IV! 1. . j i ujj CD4j T <Lcl_m Lj}L>. 

i 'l 1 1. <i j jsjlLs^ (J-4-»j (_>^=L>- J j <i" i ii« jHJLH g-^y O -1 ^ tj^- 3 ! j-* 'Laj-jjLj *L«JV 

1j ii" i .i a ^Llail Ji-Ju L*£ jl I (f< i "J>-aj c La ;> <-II i 'l i n<i" La^ _ j-Li£j~i_i inti 3jL«j 
Ijl a LLljjjj j<->>JI g-^J ll>W jttTjbl (j "IV! CjIJlj».! j^a I (j « ' 1 JJ - 4Lj_3 
(Jia^ _ (jj^jiU «UI J-i-UI "'H 3_J J y - ^4^^*i3 ^ A ' 1 °j a j-"^j"'J "'H SjLi 
JljvI £^Lc. CpajL-j r" i " I • bfcpl jj^a 

.Murine lupus 2^5 jJI (_P=>a 

dJLvj^a Jj_3 ^jiajjj,! J m-v <j-a ^ JlLI 2 S niijl 2_i_C: JljsJI Lj>L>JI jui-f jl 
Jjjj (.^lllj - i>iLiJI tLcLUI Lj^>L^. ,j-a JiSj SjjjL d 12 > dJJjL^j i^>L«JI 
(Jj<_j5e_j Lajs J 'v i"i_i J i n ->JI 4_cl_La (j^a (Ji-2j Ij-ik — LgJLa (_^i3^>L>JI 

cL^jIj p mm ^jjIj^JI j-a Cil i '.j^ ^Jlj Lj^ j "'C 1 1 1 cLuaj-C J_*_u^>J1 

j^a I jukj i S j i (J£_i "Liiil f-^-fi O ' '-°"i jl" !>La i Jlxju»J I cLc LU I i h 1 1 b 

.f jU 4Liil,| 2^ o*JI b>UJLi ^>UJI ^ 2JU.JI S^LJI 

4_-C Jlj>JI Lj^LiJI J-«-><J (_jjJI i 1 _)ia : Jj-»iI j «JJI dilj_fl^e_a *Ua£.l 4 jl <i r 1 uajl 

ml mVl 1 Q~t t\ ij»Uaj(JI (j-a LjJsj J-J-»J <Lc jlV a Ldj_5tlu j»Jii! 4 t mi i 1,1 

Li£. 1 n b V aj i L^js^aUj-i l_4£. j^j-^ oSj (jlj_L>JI j *lSju^sVl j JjiVl 4£jtj 




SA\ 2_ifcjl£j iJaaj «Gllka Cj->jj >JJ-uJ d^la ^yfl (jjIjjJI J-aUj-JI ^ 

4_2JLa_*JI <L>.Lu <iy^>- 2_^j_ajJI SjjjJI ^1 i_uijij (_;^J j»Ua_»JI (_j-2-> J- 5 ^-*-^ U' "J-^ 
(jlr (jj^J 4j1Jl£.Ij ■> mjJI (j\J f Ij uall tiijj>.J 3j_u_>JI Lj^LiJLj 2-1lUI 

J*-^j ^LUI jl <j >ll cjIjj? jl j S " i ,iV 2iitL>J,l 3_lLul!! 0Jljs> (jl J^Jaf .«j^if 
2_uljJI 2_lcLUI ^1 j_aVl L^Lij <L^>j_a «jLjj ^JllILij iJJjj ■» . nyU 2_al_*JI S-cLUI 

.iljl mJ jJI (jl j-l>JL£ jjSLj ^LlILlJ ! 1 _ ) iaJjJ,l £-!L*j 1 (jia Lj| _ ^s^j^X\ {ja _ ^^Hll 
j^*_>JLi <Lij>-L^5 £ '-^>-J 1 3 1 it-iLjJI '"'l SjI ■ a a (j-a <Lp~L»^s < '-^>-J 1 aju (jl 

(^ jJL> La Lusj_a j-IL»j (jl (j^o VjL^i IjlSLaj <l^>-Lj^5 mJJjLs 2_iLijJI (_)j-2j 

. SjIjjJs JljjIj jj^I (j_J^J 'J-* - ^ o f I ' a lK'J- 0 J>4^ £| -^ 3 JJ 

4 'j mi U I ju>JI LOUJI (jf 4jLU ^ djLa (j^Jaj V Lul ^JJ 2iL^VL Ijuk 
sLa-Uslj 2x.Lia Lj^Li. -3j^>-J U' 1 ^ 'O^L^ f° L>° * lili, I J 2_!jjjj(J,lj jajdJ 

mJJjj La_a i(jiaJjJ,l Jm\ jjJJ <_jjLj 3j_a L^JLaol -iL*j i_3j_lj i<L«jjj3 L^J ua a 

Lj>L>JI ^IjJgJLmb £>L«JI 2 j U r *Ljj! L^jjJljv jj3a-li,l -I La a-Vl ojuk (_>a«J 

Itskovits - Eldor jjjJI jj^jJI La 

^ Lk.5 J-C ijM J-S^t J 5 j flj 4_j_c Jl^v Lj>L>. <J^V}L-u ^jJgTmil Lajji. Y • • • j»L*ll 

(5j^>u Embryoid bodies 3j».Vl 3 : ^1 m -w! ^J^. L$la J.^ ^ ^ < j j ~ kXI 

(jl dJJi Jlju pl Laj i j<u nij^SJI tUlii>JI Ci\ ajlaJI ,j^a <Jl!(iL>. 2joi>. i_jj^Ijj L^ii-lj 

L>UJI ^1 jil c, ,,mI ^u! j^u . (0A) j» jlU aAAulI 2^^>JI LjMiJI L^Jj^ 

^oiJ ai&UI 3.if j--vJI LjMiJI (j! i_3^jJ,I ,j^ ilji^J ^LuaJ ^JliJ 4l5uil 2-uC:jii>JI 
(jLa d j Irj t j < "i AJ, I ^ m ri n V mJj_<jlJI (Jj-><JI j»J jj-a jl j»LLaj(JI (_^-flj (j-a *I^-<ji 
.MjjL>.i 4_i£.Jl>. Ll^L>. (jjH^LJI ^ i d t (_^oj-u IjJ . JLrt_a L^al Jl^t" t ul 

(jSUj j^jji 2_j_c: jijji Lj>l>ji (j^fj (^jl^ a_u,ti>j| d—j-cjLjJi a_Li>ji 

Lj^>Us~j j»jJI Lj^>Ls. (_,U <"i d i r-i i r-i V "i a d o mi ii ia Sj-lIL^ Lj5Ls. ^1 L^ij_a->u 
(y> <ul*l1j>J\ l_j>L>Jlj S_jIji^JI d_;_aj!;j^>JI Lj>L>JI L&Jlju j^jLj j<u .d-cLUI 




(jl (jjj (j-o SJj^Is «JllIjILi! j_iL>J,l SJj^j 1 aJ j i" 1 11" Lgjl 4_tluj>JI cUx.jij>JI 

sv 

iSjjJljJI 2_^cl_m LOLjJI aj j I J 1 .i ->J1 JAaJ <_Jjc-TJ LjjIjj I 4^ 1 «" (jLCalj 
,_jisjjj,l (j-o (j-oJj 'J-^l ) j^-> ui (j-o 2_j_c j_>JI LOL_>JI j^i 2JL>. liilij 
tLa- mjVl S-^J-° O'HJJ— P 2jjSLI,l ''-y-?^' I <j j'^ (J^^ ^JJ^J <4j|j 

i^LLa jiLSl am^l JLla j^l L>UJI j! U£ . .^j-JJ MHC jJI 

2_i£. jl_>JI L^LiJL^ 2Jl!LjJI LOliJI Luljj Lfcj_L*j S tj ^ , ,. j_j£|j 2_jjj^aj 

Stromal stem cells 2la^l»JI U^p^Ji bU>- ^iJLiO^i.r 

L^jLSLoj j»l_laj(JI (JliLjjSLo (_£JUaJ tcLyajj "1 1 n 11 4_^cjL->JI Lj^>L>Jl mj-&J 
OjI ijiJjJljjSLII j I 4_i_3jj lia c Lj^I i. o "1" mj-&J . 4_j_3 I ciajl 

Ijijj .1 (j?a i_aJjj j 1 1. 'g L-c Liaj^tj i_ajjl i>i »11 ^ Sjij^.yt.1 Chondrocytes 

(jl VI. 2 j r j_>Jl Lajj "1 1 ntl Li^LicJ J-i^sLailj i-iujl i>i itl <— iLjI (j "1 11 £-!L *j 

Js, LMiJI dlb f ».jLi e iu,inW ^UJl ^ t^tJI i-Sj^j Allay J. A. j>£jJ1 

Ijufc 21a 2 K ui a (j! Jljj .( 10l J 43j^eil,l J 1 u -*J1 2x.Lia (j^a Jaju (>j>. <_Loj 
L2jLc (j^>l 'C i"i_) j-jjjJ. 1 I fljlr Jal_i>Jlj Lgjl j i"n »1 2-ij< in iLOLiJI (j-o 

,2_uljJl 2_^LU1 (j^l j-aVl £>Lc ^ L^oljLieiuil j»Lof 
(j 1 11 I La '.cLajLuJl (Jj i^iitl ol_o~jJa (_jjJI JIJjjiJI JiJ-nj LlLljjcj Ijufcj 

< 52 T uia^JI Lj>UJI 

Embryonic2_u_ji^JI 2_j^j^>JI L>UJI ^ Ljl-j-*^. I f, m>l (j! j-l^Ijj 
^^k. Jj ir-i -»J1 ^ LJLa. (jjj^Lij jrdjvLJI 0 ^n) (j! 2^>.jj ^1 iStem cells 
Universal donor«Lal_c: I jU» a» ^ ^ , ,n 2^^! 2_Lr.jLj>JI L>LiJI ^ ^jj 

cb_JJ_>U 1_4J VI J li Ir^ll jl Jj_Ull jl (_>^UI (Jj-^ ^ J Ml J U (J^-Ij (JJlLjJI (JSLI 

idjii jUtl (jjkjjj 2Jsj_i£JI j^ajGj 2jj_i^al«JI ^^-«ij J-a'jl Lj^>L>JI tfjuk «JLiLljj». 
4_lL>JI (j_a J 1 >i ^ I dJLuk J-ifcJ i(_p3j_a mJ I J-a J < ii") (jl L^J (jjJjJ I o $ LaLflj 

Jj Lj^L^JI t>u 2 j ii jUtl jjJl^»JI i^iij-j-c. 1 Uii 'g <r ■ m_J ^pJI 2_tlu_>JI 2j_c jl>JI 
^l_«JI U< 1, 1 2_tl^i>JI 2_i£. ju>JI Lj^LiJI ajuk .j m. Jl tj^-i I ^"1 < I j L$jj_i£. jlSJ 

Lal dili j<uJJ .SLljJI (J^^la Lr^- ^jV^L-u/ I $'< a J 1 -fcjj I ^ j o i 't 




'a^claJI'ft. iItII 



jl J ,„ >JI ^1 Ji-jG (jrt* liu^ej MHCs ijs-u^Vl J^!>U ^Lo.Vl ^jJU 
Lj}L>. ^Jl i JjJ^jJI |»L«JI (>Gj|j_Li! 2±aL^>JI Lj>L>JI aJJt Jj_^u J-2-cJ 
^ju !4_La I 'm i"i I fctlc J^%J J f ii -*J I (jLi i J i n -*J I ^jJJ jLju joj Lkj_LCj 4_t^.l_La 
(jjj L^la-C ^1 Lj^LiJI w ' a i i ij i<l_t£. £Ljjj_c i." i i ih Ij 'U «JjljLS Lgjl (j taj a itLLa 

i I q 1 1, aj j j j < "i 1 1 cLja- i ujVI j-jJ ( _ ;r <-ul_<-u^l <_i£jj,l <Jl! LLjj CjLLljv 

(il^i «LuljJI <LcLti,l m^Ij^oI J-;^>- (j-o (j i^l V* 't diljaj ,jjs (:Lij^>JI 

idill <Jl)Lj3jlV a (J^ Ur^ 1 J-2-«-J L> (j-uj^M j i"i « a (j^^ LijSj-dJ Coi i^^jT £.L&J|J 
(j", t Jl R. W. .Osorio j^L^jJI <ilx^ La Jaj iMLt Ijufcj 

.( ,oY ) mr 




M 



(J I j La sbl (jj^iisLJ V sLJL&Ij i_l_l^>JI (_<JjJi!l (jiajjj,! 

^ a J S ~ 1 1 I , g. , ^. A. iCjLo_jSL>JIj (JjjJI oJ-aua- 
l'", t J I LgJ I _j_o i (j-o I j LlU I ,jri m L^-La 



C)!> K m i a jl lr~M^M ( _ ;r i£. (^J-IJI Jj| k:^;^^ 




'a^LckaJI'ft. iItII 



Oj_uG i_dlio Ijuk , i il . VI l-uj aj (_£jj>.|j tOlSLllj J.jSL!1 <--^u Sj-iS^ 

SLiLLalj-u j I l£LLo (jl^ jj (_^i>- (jL<-ujl ^-a- i>> a (J-2"Lj (ilj Ijuk (J-"^' 

j£Jt <bJ&U 

^ cujo- La JL>J Jaju V l(>u LjjiUJI ^ islets cells Lj}L>. (>o 
(jLoij^l j i ii -v jL >LiLx Luj-l^ jJj . Lj>L>JI ^ cGiaj 2_j_o-ajJI S_ucjVl ^ 

LjN— >J1 (JjLSj ^J-JI I j-* (jr^ (3(i i'itl (jlj 0 r J J J 8 ' ( j 1 " 

i_^uljVl ^ oLil (jfj t L»JAJ>. Lj}L>Jl ^j-ij ^1 2-Ll3jJ1 djj-AjJl di Ij j tiii 11 j 

£.0,1 £ Lj-«-^ (_^a joSL*_Ul oLJ.1 «(j n j t a» ijL 3 h_jLjj£L<j/ (j-o cu Loj j»jJl L$1>L2j 

(jj_aj_ik 4_> I o fl itGlj (j-dj mjVl (jj_aj_ik cLLLSj d <i i"i J£ (Ji-ljJl 

i_jLljju>. jl_o_Li ^ o i n_) oLjI ^LcL>- - c ^4^" »1 i'" f J^- 3 ^1 _9-* O^J uuVl 
(jJI Jj^>.jJI jjjs j-SLoJI <JjLjj}u>. di! juj _ 2_lL>JI J^b ^1 j< i uli 

LaJ-juj . «laLLaJI ^LjjJ 4_Ju_c Lus j i ^ i j a L-ajUaj 1 gji^ j» J-Sj <^ '-}■*>■ '«Lili» 

tiJLuk (jl^ ULU 1 jiSL&J 1 1 .^.A iJllLj^'C i ( j_a cLjl ^Ll>>J La <-lL>J1 jLs~!j 

i*m_i l-ijjLi^/I 1" <i 1 1— aj i ufl « (jjiojJ, l » «Ii jj joJ liLa .SLjjs. tiJLuk ouL^j (j-^ii 

iLj^>L>Jl jl i ^ S "'H OJUk (jl'v i ii (jl j<uk^/l (jS>-I .t_jJ->Li^l IjUk i. i j i n_i J\aj 

jjlflja (Jj t^'s i uli * iLtC J-til- l_l^L>Jl (JjJj i_J^oj-u , Lc^jvJ 1 ,".1^^ ^j^ja-o-j i_aa_*-u 

3>LUyi (^^k: SLp. V jjjl .CjjJLI d j uu (^jJI dUj .j< mil <jj jj f ^ Lj j-wLlo 

! ji^Jl (jjj (j^i 

Ly>a 2 ri ili'^o L$j| j<ui.j (jicj iS jjj_c ^-"-^ <j-°J-^' ' , - JL * <J^ 

_ cLuljjJl 4_<j/J_l^J1 »1 air L^aj >■ _ »1 aUll 1_>J n_gj ui jtl (j-dj-ou^l LaLaj 
(Jl! 1 jL_ua_jiJ 1 J-jLxi JLi-jl (3i>I^ dll jij < Ljj_ i _ r i $ - J l i^ys (j^Jj i n ")V1 ^LjjJ (j^JJ 



(_ll_LC i lISLjJ I tj-tJj 1 " (j^iii 'J I o <j " I 'i j i"' 4_4J (jl Jl_ij . (j^J uuVI 

I .Ijfcj posttranslational protein modification «2_«^*.j_iJI Jlju Loj^jj-^ 
L>}U. 

j_lC. ((j-^J i n'ii) (j-Uj_yj JJ-y (_£ J-° ^1 • ( ^ OV ) i_i-i^pJI S Uj , uj Ljj_uSLJI 
( _ ;r LiLAJ j I . (_jiaJjJU (j-ia-J LaJ- LV cLa- j t r <-v tt d "i ii j U j jjJj ij-LiaLj 
3iiK"tl c-jL>- (^1 Ijuk ijji>J.I ^ 4-i>.jL>. cliLaL^ <Jj}LjiJiJ ^LbeJ 'b! 

juvenile - onset diabetes,! Type 1 diabetes jLL^Ji^ jiLuJi *b_ \ 

«— xlS U (J^>- <i-!j^eJ «(jljJl-jJI jl i iK-ltl <— ll J i'itlj jJLflJa^/l I ■ H lr~>_) J-Aj 

j_<I/ I ^ I" 3 j I ^"i o -v Lg-a l^yjj . d i ,irVt J i .i->JI Ij^li- JoJa (yiLUI jLg->Jt Lji^i- 

^^cH islet cells jj-=-JI Lj^L»- ui ^p* * Luti <yaj I ' ■ (j^o LLuL etil i2Jia 

.,_p3jJU j j l^jj (jlJjujU^U L^>.Lljl ^LjJLjj itLoijLj 3jjxHia I j , ,. A > (_LULi 

Adult-onset diabetes ji Type 2 diabetes jL*£N ^£ jiLaJi ?h _ Y 

LjejjLi tU (ji (oj>" lS^'j) qLo-i.iJI j (j-<jJI jLj-^ LjJLc. • ^ < aj 

j*l J V "l i ,il (j£. J\ i ii ->JI j T- <_) LaJ-LJ>. CjJ\_»J ^J-^l Ijukj iLjjIjJ LjJjLc 

j-j-b La J (_p3j.il joj j»jJI ^y jj^liJI SjLjj di! j jj-l!^ iS» LaSLj (j^J uuVI 

. (J^l i'a (j-a <l_t£. 

oVI 

Ijj i-Lj jjl 4-i-5c_j (_p2jJ.I (j-o Yj ^ (jrt-Cj-LJLi jr<_il caj,l ,j-o ^1 ^ (jl VI 

iLj_ajJ <-jIj.-o SjuC (j<Jj i n') V I j-i-Lj (jl tjj^' O^iJ-^ . (j-<Jj i n') V I 

I liJJjL^J (_jis_Jj_l! I J «I j\_«JI i" _) |» j "il j '^ ^LiiJI ^jJJL) ^jiajjj,! I a I 

Cjj^jo (_ylll <— i i n r I i>i 1,1 j, 's i ntl ^pajj.js i_clje- r ij dJJjuj i(j^Jj i n')^/l 




'a^claJI'ft. iItII 



<_£j£LuJ1 ^IjJLi * »1 ' a rt (^jJI pjl t ii ^j^-"^ ui jj_a jj_al_^ jjjjLjj^Jj (J-a-b 

j-jj pJ (J-5-JI S-Aa-c l_j>^>-l <j-4-3 '/AT Lijj_Sj JljvIj iType-2 ^-^j 

j i n jtLi <r ■ i u-l) 4_tLa-g ojuk (Jil!! (j I VI i ntl ,_p3j^o (jlslj^l p j j I c 

4_lU-£ I i *^_' I ,Jj ■ ' La 2 a d i < ir^j 4-flJSLo C-o-u-jJ w j fl i(_jiajj_a (JSJ" *L>.l_iU ji 
O i njl cLlLj-C 3j-_uil_L^a (J_j_j_3 ^j^»"" jj^a pjl i n jjjjLjj-SLu (jr^- ^Jj ' >i 1 I 

oJljuj Ijuk .d lg i k j? djvLla 

^ aji S a (j-a ' La j jj (JliLa-^Lcj 2l_j^^ 1 JL>.^ j^jjJsjJU <:Vj_ik j La i iaj La-a i JjJu>JI 
jii-Lj (jl i^-iJeJ ,_>iajjj,l (jl j-a^l (0-Iji.lj .t_ujJLll (j^Lj^ ^ijIt (^LcU jl_£>JI 
!^l>cl 3j_c j! j (j mi! 3j_«J (j-uJ-Ij 2l_j^>JI (_£J-a ^ucLUI jLgjcl! i U j 'i U «iljjJI 
J^>Oj 43^1 $ ui — aj j *\ i n I I dlj jj^a £j — i. J — a j 's i nt l (_>^lJ; — a Q^-i I juj 
Cj Lj ^j£^—a J-iJa d j a -»o (_^iJI J m->Jl L yi\j^>. 2_>jLx_aj cLcLtil i_j^£Lui_a 
J_cul (jj^J J-ja ^_9-j dy 3 ' d J **" u< a dlljuj i<A j ''^ij-a 

iSj^Lai. SjljuJa 

:islets cells Pancreatic 2Lu J b > sUjiijjj»ji biG» j»ijj*lu<i _r 

(j^Lj^-uJI Lj^L>- p i 'l S '» J J 'v i ntl «I Ju pukLuojul ^>Lc (iluis^/l ^J*-*.' ^><-> 

t P ot ) a^mi ,u j_a ^Jl Lujv Islet Cells jgJj m'iSU S^lUI 

^yjfcj _ LUI jL^jtil 2 U j*i 1 ,1 SjjJ^/I (j! (^-ikj 1 lSj-^ 3 K ui a; Ij^-jvjj p fl i<t 

L^J puj (_p^>- tlr<Jjj i ujVI (j-a Sj j j$ cjLu_a^ ^Lil>u _ Steroids SjjjI 

jjJj ^LjJLij 2_c.jj_iJ,l Lj^L><JI ojufc JjkL^ L5-J-C Jilaj Ijukj . ( _ > iaj^l S-iLa-c 
clSj^j James Shapiro j^Li o-"*^ j>^^' o' •^j^-biVI lupcL^ ^ 

«.I jJI ( _ r L^3j_a (jujjs. I I J_£ ^JJ-J-Il cUlaL^J Y • • • j»l_«JI ^"i T j II 

2-jt^uJ.I Islet cells ^L^SLlJI l_j>Li. ,>a s ; i X i^L_<_«ilj Type-1 ^jSLuJI 

GluCOCOlticoids (J^ljjj-oj^c^ciiJI jj-a ^iiej Sja^l LaJ-ir" m a _ jr<Jj , n'iSU 
j^J^. J i n ->.j iSjjJu>JI Lj^L><JI JaAL V (j^ujs- J— ui_>JI cLcLla (jjs i U j Ti jl (JISj 
jJcj^a-sJI J^LuVa (jl VI .j *\ i ntl (_p=j-a (jislj^l Likjljl i^^z. C^auo-I SjLla-a jjIuj 
cLcLtil (J£l ui a jjs i. 1 1 uLUI O^aJI i. 1 1 uUXI (jr-iV i'itl ,jjs Lj^L><JI tfjuk ( _ ;r Ll 
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:Ductal cells2L^b > SiJI3LLalJ 2Lili4l b^GJI - t 

ia^u^f i_Jo ^ Tarek H El-Metwally ^jiil JjLIo j>£^ J^aa. 
jr^*. Y • • V |»Lj(JI JOP. J Pancreas (j^LjiLiJI ajbt^a ^ cj jJ£ 2_«_^o jjLii 

1 >. I a J ;t j t_u a ijl al\ jjjjLjj^LJj tjr-^- ' O ^ * * lO ^ 

(jLU j uj (j-o ^l^jf (jimj ^M— c- ' a ' j.' liilij iRetinoic acid dL^-L-JLjjJI 

3Jj| ' ta a» V <-i^p- '4ix-c (iLuI ( _ ;r a 'U j jl^ La I 'm i". cL«Jj jjSLI . (jjjL^SLuJI 
njdj mjal (jj^oj_^J _ 2 j ( .iLjj£L-uJ1 Si iSD 2 ;U ,ll _ Lj^LjJI e'jjt, 

Jl-st" i .il ,Jj-3 LOLiJI tfj-ifc LljvcJcjLi J^j^a-^l CjLja-aj-gJI m^VJ 

Ijl». a ua V" a L?}Li- (^Jl d-jjLc Lj>U- cJc^*jj Dedifferentiationj! 

L4-L0. d_Lj£. CjjSjJI L) j ii aj LhH-' 0 I j-* J^ 1 ^ JlSj (j^J 1 " '^1 CjjeIuI 

L}Lk]J («ujLiJI jj i^U Ductal cells d-L^L^SLlJI ^l^iiJI Lj>U. q] ^Jaj 

<jf .4 « gJl <j^Ljj_i}L! Sjj_iil Acinar cells L?}Li. dJJj_£j < j^il 

I (jir-i ir-i^ (JjJa _ ^IjjJI L^c-aLij-jj <Ji!j-o jls (j^Jj-^^U Jjtjiil islet h!>L>. 
jAaj. -! 1 "^j-^*-*-^ 3Ll2JI Lj^>l_jtj d_i^sL>JI £Lj5c_oj_jJI d_ L La_t_i _ ^^L^ill 

l_l^L>. ^^yJ! j^l a *na t^j_Laj p j a (_£ali* M-^La ^j_a I ^ * U 1 t ^3 La j»^Jl_jj 

. Sj-jILa L^jl '_ ■ 1 i uli 1 Jufc (J-»-lj tcL*_3oILa ^ uJe c Cjl_j_trt_La jj-a I j 

*l_Li <— 1 1 a j I «"i (jr^- LSi-^*^ < *-i^ ; *" L?' Ur^ J-^^J-P' O' ■''''*"*' ( _ ;r lil-3 I jj 

^lii ,U;'a I nlr (jlj i4_ji>. YY • Lj>^j L&jj^c j-JLJ! j in-*Jl Lj>L>. 

LjM^. (jrtj JJJJJI tijL^ S j^LlLa Islet stem cells a^i j^l j^j"^ jj^. 

£-a _ ^ U»" j < jU ( _ ;r L^L>JI (^LuJI d j U r s-Lol ijr ib 3 ' ' : ^! J - U Mj^-^ ' SLlaJI 

1 M~i -cjj j-j-cJO iSJljJljv »1 a ts-> Lj^Ls- - j— «-«Jl aJ-2j 




'^jcjjJI'kjJLaJI 



(j, ua aj n_iSj_jj ^«J ^gj ^ . n I I i_)^jX\ I J^I JI—»-2 £^Lc (j-C i_jj*_jJI jl j j r 

Lg-a !i_i-lj*j (j_a ^ ih f (J^ (Mt'J f <3 * a ^""^ ^u_>.LjJI j *1_»1«JLi ^j-aJoJI 
L$j j^lll liJJj t 3 iIajJII 2_l^jlj>JI 2_lL>JI tiJJj ^ *LL<iJlj J^Vl (jj «'U aj-jJI 

. j»-iSj>. j» jlr (jjj jjjo £jjj_iaj Lil^. sLuJaji (jj/Jul^aj '*(j-"i JSLI Jj«_a (^IjJ jaisUa 

j-jx^>- (^l j_jH>J.I (_y3 jjLcjjj i n" n (jl ^jU" 1 1 "i L#jo£ (jl i LjLJuj IjjI l(jot">r lj 
.,J^3 (j^s i£>i-l 'L^^ lS' Lgj j.J-'Cu j«J d iiir-i i^jt"ir s^;^ I j^a Lj}L>JI £^jjl 
(Ja. J j i .1 La-a ( _jiaj j )j,l dj|_«_>J djjj^a do k 'l I QJ» i<\i (jOjs-LjJI (jl_3 Lajljj 
_ JjV i(_gj£LoJI di jJI (_pa>-o ^!>Lc (^ 3_j£. Jl^JI <LlL>JI ^jLir" i n* (_^la tflj i n -w 

'. <LU V I I fT ( r— > I jj, I Jj3 I JJJ (j I _ L»JJV 

.j-pihJLI ^ j>l i n"'iVl (^lc Sjjla o_jS>3 6^ - 

. LaLaj I ^ i nii 'i JljJljo SjjLa (jjSo (jl _ 

"ualla-U Lj>L>JI {y> d i^i uaic" a pl jj! ^1 j_jL»_"JI "jjUa (jj£o (j! . 

.(_,J>JI ,jjl£JI J I il-v. (^ l-iiljj 1 I (j i-UU 

ojjj" i ..I t _ JT n! I 2_LjcjLj>JI LOljJI (j-a (jLcj-i - (Jjja ,jja LuLi Lji? _ tilLukj 

* 4jul mJ I ' '**' ^ 

_ I (j'aj Lj>L>JI j-j-«j>- (jJI j^l-a^i <^"JI i2_jIjJj>JI d_j_c ju>JI Lj}L>JI :JjVI 

. tj-ilj i n'iMJ 2j5cliil 2j i .iLjjiiLuJI LOL>JI - jjJaJLi 

_ LjpjjLfl^ _ai- (j-a 4j jIL«jj Laj idJLlLjJI 

tiilj (jjl. LaLaj i—ajjiej i u i d i a i a iej 1 1 Lj^LiJI ,jja Lc jj ^ t-> «" (j| _ ^>|_Ia 
I i o Ir L a_£ _ (^ o i n**i dj i^iL>. (jj-iJsj i d_ i ! j _L > J 1 51 mi i II *JjJJ>> (j-a d_La ijlil uu (^jJI 

.Plasticity djjjJJLi . diLJI Jj.^Atl 

fJ~ir~ i n't d_LjC Jl>JI Lj^L>JI (jja (Jj-i-l ^l>jl '^J^ ^ ^1 I 'j-* cr"^ Xi 
UST ^MjJI ^ ^Jiir - i n"l ^1 Lj>L=»JI (j^l JjJjiJI t*JLuk Jj ij<intl (jisj-a ^M-C 

LjM — iJI (j-a g^jj (^f (JjJi t *l «LJI (jjkj ^ jjjj VjI ijiJ t£jl_Ljfc (j! VI 

Lj^>Lj»- (jl Lul S3 j f lL->JI d_j_L>JI d_JI j_j|_«Ji3 (jl d in V 'U 

: LOUJI ^ ^1 jj! djtjj! ,j^ (jjS^j islets cell j>>JI 



. < j^>-l£LjJJLj'l jj-jajj (^Ljj^-uJI Lj^Li. (jjo '/Y o (JSaj) Lili Lj^Li. _Y 

.pancreatic polypeptide '/A' - ) PPu.u Lj}Li- -i 
1 U "a jjL^jj jlj>JI LOL-iJl i_L$^ . 1 U " a in-lj 1 ..Wl Jj>j 1—LiSLI 

SjjhJj^uiVl j I jil (jc aJajmU beta islets cells LLu L}Li. 

Ljj^_j_u c^-Uj-u ^^jI u^uVl j^II^jJl cG_ul La CjLj^_aj»$JJ d J i J Ia *" 

(jl l>Lijf La-Lp. 1 Lol j l.L \\\~\ f.L*l\ ^ (^1^^' cLi i>^J Bernat Soria 
1 .i a cjJlj>u (_^lJI cjIj-fJLiLI 5_iLa-"i < ..I Jjal LLu Lj^Li- 

igj)" 1 m a (j! IjJ^-J • 2-J<_«Jijs^a JtO^' Lj>L>JI J£ ^ ^jJl ^ jj^iiJI 

(jj^Vl Lj>L>JI 2_cj^jt^o j_« (jjSij La-L^>- LLu Lj>L>. ojj-iij i^jJI jr<J9-<-ujVl 
I j fl jj— i^j^l '.(jO-Lvj—o ^^Lc jgJ j mj Vl jlj— fll oj-SLjj iLJLc (j^SLj 

( _ T ^£ i^riri V ia j_i^j_ILi (j-d^oj^l I (jj fl jj-Af '4-uLl!lj iJLc j-L^jIb (j-ilj 1 
(jjSLj Lo-c-LJvj .j»jJI ( _ ;r 3 jj£^ol«JI t^gj" 1 11 a (_ 1 1 (jj^<-u-l^l ' ^" ." '*'*' 

OJ^-i Lo-Lu>.j iIjljv L*jj_<j/ (j-llj ' " 1^1 j'j-fl! OJ^~i _3_j!*$-l*JI j-f^J-* 

(j^j La I U < .i^ILa (j^SLj idJJjJ Lfl-Ja (jlJ^<-aj^l U3^f I U i .i^ILa j*C , uli 

ujj j j~i AJ.1 ^ 3"i ih 1,1 U S-j-C: j-jJl 2-jJiJl (j! *l_al«Jl tiJj-sl Luk ,j^aj 
(J-a_»J t£_lj^M Ll^L>Jl ^l^-ll o'v (^yJl j-ll— a_jj I jl * >i I cL_Sjj-La_l 1 ^ "1 ^1 • 

La^ l_aLaj t^jJl j^^liJI (_g^*i 1 11 a Ja-i-i caj (jy^>* ' 'J ^ (J^j-uLlj I j *j a^. 

. ( _ ;r >Jl (jjLdl J 1 n-v tfJLJJJ La^ J i cULiJl <>JJ>i 

i.jUf «UI y^j* gUc fiiiSmd c^l <M'^Jt LUftil £l^lt 

:Mice Embryonic Stem Cells j1^2ui^i2laJl»JI biG6H-^ 

,j^a (JLljL>.| SjjLajUl j_lC Lj5L->J1 liJJj 1(_Ll3 ,j^a jjfc l_a^ '(jr^J 

^ (jr^>Jl (>a Iojv j£LJ,1 j^IaJl - 2-ajjVl (j^ 2_LLi.ljJI Lj>LJJI 4 n jU 

i I (j i n rV) JJlJ>UJ C i j m i m U jft i n ii M (jl ^jU"l i i ") < _ jt ILI _ LjJj^J ,jjia1_>J1 j^^JI 

iLMJJl ,j^ 3 i^i^ V"il,l £|aj^l J-J-«^>- (jJI jjLalJl ^JLc SjJl^JI L^jjJ (jf La^ 




a^ckaJI'ft. il^ll 



2 Sjj , gjVl jj-oj ^^Jl Llu Lj>L>. p i a3 t^Ulj 2 j i .iLjjiLi-Jl Islets Cells 
Lj>L>JI aj-& (j-oj Y- ^j-iJI dJJ ^ - ^jjJI j < i ,itl ^>Lc ^ I j j U L^JLa 

d K i"i a (jj^-C- c_ J-«-Ti3 liij^cJ LuljJ Jj^JlJ pu i Lj^L>- «JllV^I u/ j j "i ( _ ;r 3 

. LgJ J i n-»Jl cLajLiaj 4C.LUI 

d- u - L - cv cU£.ju>- Lj^>L>. ^^i^- (Jj i^->Jl Ijjt^jj icLaj^SLI! 4_tlujJI cU-C.jij»JI 
CjjjLaj t_y^\ Lj^L><JI jUh^^ 1 O^ 5 "'-^ ^ " 1 ""' ^i- 0 *-} ^hL)J L*>Iji-C. («u 'jLil 

£P 1 " -i a J -1 ' ^ lSJ-^H*" ^1 '^*>l I aji 7i a l_Lujj_i ^ i i\ ij^>- 1— «_AJ^>.| 

^ 4j|>!! i» jl jLjj^^VLLIl («ujjl >j^o (jr^>. j <(Neomycin 
(j^Jj^Vl JjlA^j Luk>L^j!j ^alactosidase reporter gene cmh,,iU 
l i j J£ j-lj^s t d mij (j^Jj i n'tVl jre>. j j j Insulin gene promoter .UVa 
JjJljiI!! Ijl^J ^jJI (-sjl^JIj . i La S a (j-LJj , ujVl JJLiil Ij^fc Sj^ol gx >Lal_c 

4_uj_aj t u\^\ ij^>- Vjl J 1 pj La ^ o ;g *^ ^ i ♦ t jjj ij^-^^l jj-ijufc ^jl 

(jj (j-dj i ii (j^*" (J* '"' a (j' ' La ■ uji ( _ t 1k_4JJ JSjjLaJlil jl SJjjellil Lj^L><-!I 

" i uJl$ j j Laj <t^j^ jj^s pu-u^LLaJI cSj> JL£ (j^i-^"- 1 ^' O^? - L?'j ^1 "1 (J-*-*^ 
^ J; itiU fj^jj U; a jjj.icj JtJjLic: iS-jIji^JI 2_j_cjLr>JI 2-j1>JI ^ ; i ^ 
icU (jlluaJllU (ji.Li.^JI 4_aL>. (j' (jrls' (j - *-^ (J-*-' 1 j*'- 5 iJ^j-kJ! 

Sj^-i^a j j Laj (jy^ ^-ajL^il Lol ^tJ^-Ij cUsjL^o 3j^_c-a I o *^ ^ i ♦ t 
Cjj^j li^P" '(j 'J 1 11 J aa_>J(JI (_Jj_lj>JI .al 'U (_jjJI C-u i" i u U cLiiJ ">1_ij>. 

VjJ ^LaLc. q\£ La tfJJJJ e5'j L "j »£jiJjjjijV| J i mi o -^^^J d 1 uri'i (j^l j_ujd!l 

^1 SjjLcJUI S-jIj-IjJI 2_j_C: Jlj>JI ^ £jj Jl^ j^Jj-^Vl (jrt^. i^fj (j? 

IjJlj>.! Jlju .jrjJj-ijijVl jr^>- -2>*-J (^ic- - 2_ajLjJI jjU 1 n 11 ^ l_Lu 




j£judl (ji> jjgK ir STlI ft iItII 

CjCu Zu u I (_^J1 Lj5L>JI (jl IjJl>.jj . I i nii 'l (j-o ^t-n'j i"j ^ i <i M 

^^jJ! Cjj-iLx-iJ C-uLa-**< i nl Lgjl 1jJl>.j ija^ol-iJI (j^a * a i n a cU Ci i >**< i n a 

L04-><JI tfjuk di! j Jjlj . (j^Jj i ii 't V I (j-o IjL». Sjj j$ CjL_«£J «La-ULo L^>L>. 

»1 «i~ -wl IjJljv^S n_gj*C i n 11 <— il ir-i a jL3 JLaJa (Ji-!-5 Lfc^£.jjj 

(\oV-\oo) f ..i i- <- ti • 

. ' j LdJ I I JLA (j_a i n 1 1 (_paj-a 

SjjLcJLa L>L>. (jJI 4j_LujJI tUcjl=J! L>L>JI Jja-*jJ SJLjls liJLufc 

^La ( Y - • \ ^L«JI Ron McKay ^l^La o3j Ji^- 5 f ^ i£rtJ$jj«jVl jj_<£ 
Ji^^ Ct jJI 3_j_Lj_L=^J1 2_<-c. j-^JI LOLjJI dJJj (j-Lc- Jj ^tl * clsLsjj i_gl_£l_a 
d (j j j ui j»l m (ja£i LajI « >■ j<u ^ 'N'NA j»l «Jl (jj l^-ojj . £ I j Ir 

(^Jk i^j-l^>o L}LiJI (j.* <j^Lj(_«^>u Embryoid Bodies 

3j_LX Cj!>Li!l 2_tliij>JI 2_lxjjj^>JI <— il S-iIaJI <j-a 2 n "r i* U LOLjJI 

£-a t_ti>. ^1 I j i-v. Lj^L><JI ^J>^' ^-j' 'tH 5 * UJL) '-'*»• J-l <- mtJ 

Idj j »11 LOLiJI dJJj jLx>.l <— i i a i iiljJl (JJ>I<3 (jc j<u - j_jLfcjJtjV jj^>- Lj^>L>. 
f_yl\ jjj^e-lj d j j i,-> <tl LO^->«JI tfj-ik l_al«^>- d-i^sLa. «JllLljSLa C. j S i n a 
^ jJL*j_JuV jj y 2 jl uoVl Lj>L>JI d j uij c_l-<_£Ijj j! .-.I . -t 

oJ az li ■■■ij i.-, m -^1 L» iJI i>juk (jfj Jslet -like clusters ^L^-SLi-JI 

L^Li. ( j_ a (Jjsl ciiLlaSLi (jSL!j m-iVI cijj^La < j>^j I * H w *j j ta II malt 

(jtj S riil tfj-A (jl ljj^>-j (_gj£LjJI *l jJLt ir^ a jL-3 i n" $ l_j^>l_>JI ojuk 
.f^ 0 '*') 3_4jLi dJlj La t_yojl\ iSLpJI Jj^sI^j (jl C^c\ Laj i .il 



.Human embryonic Stem Cells jl^^SuiUaJlSUA^LaJl biGJl - Y 

4_j_c jjj I 2_lL>JI ,j^a (jj_ljs.l_jJI I j .tlc J w ~ll Ci t i^i 

jjkj (jL^oj^l ^ylz. I (j JJ>->^ (jr^- ''Lj^I (_gj S! i uli «.I jJI (_p3j_^a ^!>Lc. (^ jl_ ai! 

(_,* ih j i n Lu ^tj i n't ^ (j i nlj t_yi^-j jru^vLjJI (j^a jj^c i-dl ifl a i_aj^JI 
L>LiJI Ij-ajLit^-ul ijJjLss il\ £ Llj > 3j Sjj-jjJI Sj^aL>JI ^ Benvenisty N 

cU_«j5tILa LOLi* d j 'u i n U f_j£ J^tjj LajU-vj njL^ij^L! cUJLujJI 4_uijL>JI 

^ i_4>2j (PJI .Embryoid bodies 4Jb-Vl 3 g j j r,< ^\ u^VLi <_a La ^ 

uliMiJI ^LajSj^JI 4jIjijJI irjLLJaJI {y* L^La! ^1 L>UJI {A ^ JjJjiJI 




a^ckaJI'ft. il^ll 



|jJl>.^3 iNGF ^ j • ■ a «J I Lj3b»JI j-a-L! j a a a ,_bL«J ^1 i ojuk <r « ^«u 

(j-<Jj i ii l^/l (j-l^>- g 1 " 1 ^ 1 *~ (jr^- J ' ".' PDX-1 u a i n_) (j"L>- (j-^- J .' *" 1—^-» t 
. (j^J^-uU^U cL?e_j_U1 Li_u Li^bv _}a^j>^aJ Ja-LJ^ rt tfjia^jvjj t<t_LL>J1 <J^>.b «Lj_aj-s 
jjj>- Lj^bV -^J-J Ur^ 1 (J^i LikJi^>-J cliL-Lcv I i aj 1 i-dLufc (jl ^1 "jLluVI jJljoj 

«-SjjOJI (jj^v jLu--^. U^kj Glut-2j Islet- specific glucokinase :Jlla LLu 

i<l_L->.^/l ^ g-j j lu j>l i .i h^bV d!JL>-j LLu Lj^bV (jl • LhP*' ^ a -^4 c 

Ijuk J-S^ «4j L_*3 joJ (_^lJI j I u-yua «II _5^j-L!I j ajc i j Oj>Jax. 

^ g-u lu j>l i ii-v^/l Ji-b l_ub~J" jjLjUi (_^l!I LObVJI liJJj l1i^L>. LLu Lj^bV (jl 

(jjfl 3j_lj£ 2 j i uj I g i ii li'i j>l i .i iJJt, Lj>bV ^ (j! ljJ^>-J La£ .'• 0A ' AV ^ 3_L>.Vl 

^1 LLu Lj>U. 

JjJj"U (jva 'LSjjij ItskPVitZ j-t-ia j< i n'l (jSUj (^Ls. MjjJo Ij"i jIj jJj 

cdJj J£ .( n *) 1,,-wVl cdJj Jib (jrdj^ajSU a^UI Lj>UJI j^j^ij i-lti^jjj 

(j-a Lkjjjj ljjI (_yJ-Ilj i4_L>-^l d fljj lu ^1 i ii-v^/l (_^b. SJlAj > j iMI (_^-2Jj 
j^Labca (j-a L$J Laj ij_iHiJ,l dlbj jLaJlj (jl-mj^t ^^3 4_lLlL>JI <LlC JljJI 
.(jisIj^oVlj J1*JI (jvfl tfj^iJ jf j< mtl *ljj £>Lc. (jc Lio^bU lj_& Jlaj L?}L>. 
(j^j>* Ci i" I (j"^>« «L-Sjj-Sj p j i aj * )jbt_jj 5j ■ a * 1 1 * )jbt_jJ1 ^j^** * d)*:b>. ^cJ 

Lj>uji (jf a.js^a^i sj^ui «^LjV^i 

.(jiJ^Laj^/l Lj^L>. w t-> «~j jjLjj" (jl (jSL«j (jLmjMJ a^lLlL^JI jl>JI 

j3^- Lj>Li (j-a 2Jj>LiJI (Jj^-Vl ^1 ^jVl OLjK jl I ^>^jj j^La-LJI jf Jl_ij 

LMJJI (jf 

^1 Li». S_£jJLii_aj 2JLaLc 1 <i-v (jj£j jf c_l*j (PP j libj UJf) 5j>LiII 

. (j^Jj i n "jj-iJ,l Lj_l) L)^L>. i_ijUaj p j""' i (jr^>* '^J ^* ' £-a I j i ^« ) t, (i'v 

:Islet cells ^b,^! biG. . T 

'.(jVI (jaivLjJI I Q(jjlf (J-«-«J i_>jIj^jJI Lj^>L>J (jlj J ir-i a tiJLuk 

: Islet cells Adult beta AjlILJI LLu bMi- -f 

LLu) Lj>bv (j^i L^ls La-i j^J.1 Islet cells ^Lj^SLlJI Lj>Li. «j^LiLluI 

jai:j Ly L^ (jjfL^LJI (j^a j_l!LSJI JjIj j_af ^MjJJ ".^jjja^ (PPj LjJjj LiJfj 
(jl VI id-uLj 3jji j>l i iLfljVI d j « i a ^LLa LLu LOb>. (jl i_ajj_«I,l (j-ai . « i a 




jSouJI (ji> jjog'ft jr iItII 



(iLuJI LujjJ_JL^ Sj-oUtij ^'t j 11 ^-Sj^sj Fred Levine <jruLJ j j_a j^fTjJI 
JU0L1 dlljij!^ u. j H 2 j ...L^SL-LJl islet L}Li. 2^aj_i ,3-0 lj_£U^ Y • • \ 

Lj>U>J1 ojuk ^1 ■ 2 "'l U-3 t Lj>LjJI dJJj j»J-L<-^- 2_Llj(^o <J^1_Ll^>. 

OJUk Jj-C -ij^*-4J 'b! Jl_u . 1 m VI J-J-i-J Ur^' '-^h 1 ^^-^ I j J a £-xIaJL>j 
4JLj_3j O^f! ijaa- 2 i LjJLa Lj^L>- Jai. (jjjSLij j p ^J. 1 Lpl j i" i ulj 1_J^L><-!1 
I ga: a 1 'j j 1^5c_oj_ij LOLiJI 0Ajk IjJli-l ijj^-lj uuVl J-J-<J V 1 j Ij p i o2 u Lg-il 

j-^J.1 o^Jl PDX-1 

i^jLSJl j^jG_Jj i LaLo ,j-o j i mVl 0^*" g 1 " 1 jjjij ' "U ' Lj-^j Lj!vL>J 

2JJlj>J,1 LLu Lj}L>. diljijj ->i-^l « itl I (j i>> »1 J i ud djl_L^>JI (j! 

i U" ( ..I La LjJLo IjjJL^ Ij j j"->J,l Ltj" j i" t ijjJj-iJijVI (j-^cj LjjIjj 

ojbfc Ij iri LoJljljj 'jfllj mjVI jj-flJ Lj^Li- ^1 j_jL«_iLI SIjUs L$j| IjJ^j-3 

LOUJI (j! Ijj^-j iS-cLUI JU » a jLa <yj LOUJI 
U}UJI »juk jl jlu .( nYj n, > (jMj^iVI Uji j^L, diljj , f jJI 
Loj i^Ljj£Lu_L! d j t j j U tl L04_>JI JiLo (jilj 1 " *'VI <j-° j j *— > I j o j^-" V 

(j^. i_ksjlu LOL>JI j^'-*-'-' O^ 3 * Ccu ti^>- '3iL«jj (jl L^J (jjjjjj V 

. (nY) (jrO^VI ,>> Aj_£>lSLIt JLwSJI (jJaju V ^,„n;- ^1 dUj j! L^^W^ 



: Pancreatic ducts cells 4^bjiLLJI CjIjJLoII Ij^L>- . u 

djl^liJI (>tajj Islet progenitor cells 2JjVI jj^>JI L>LiJ jj.^a ^ 

jl^-Li ^.t , II L^Sj^aj Susan Bonner-Weir jjj>jjj ob>" o^aLa 

La_Lijvj ij_jJL>JLI L&j "i j i" t nl j<u 'j-JLi (jl— <juV d j t hLjj£LlJI CjIj-LS II LOLi- 
»1 o ir-i II JJJLII Lj5Ls~ <"'Ur Ij Lj^>L>JI o jok C^-iLa-"i i ,i\ jjLcjj I -v l^ljLs- 

Ductal &2^Ljj£iJI <j^I _9_L5JI Lj>U. I j^j S^L^SLlJI j^U ^JuV j>^>J yjVl 
«jok (jf ljjLa.jur.jMiMU ^ j-jjL^! i (^Jl T (j^s jL *ii iendocrine cells 

tjlz. I ^ ot- i-ia^jj ulil_i_«SLi j^yLiil I /j i Aic (j^J-^jVI Lj^LiJI 

d i r-M r-i V " 1, 1 (jjjLj^LuJI jj^>- L!>L>- ^-y L* j-*J • '-^j-^ 3 jj^^liJI ySjj 




a^ckaJI'ft. il^ll 



SLuiJI Lj^^Ls- (jl— i Ijuk Sjj^^J C_)j i ii fl jJsj . d j i iiLj^'v i.i 11 CjIjJjUI Lj^L>- 

Lciajlj ilslet jj^>JI b!>L>. a_ul5 Sj^o jjLauj J« aJL SjjLaiU 2 j . ..Lj^it-uJl 

4j^Lj^SLijJ1 cjljjjUl f_y£ ^.cjcTu 4jJj^/1 jjjJl Lj!vL>- d j i^m Lj^L>- 
d j S i j (j~t-lj ' " * jj— ^ jJ"^"** - ^ Li^L>- w * j 1 ^}j ge jj 'l j ■ ■■ d * 3l_ulll 

(j^iLvLi 1 ^jj>J^\ tii^LiiJl L>L>J1 L4sjj_flj (^l cjLij-/jj_$JI 

jr^v 1 1 Jjjjls 4j>_aL>. ^ 4j>Lajj AmmOll Peck dlu (jj^it J>£-> Jla i(jjj-ii£ 
ijJLJI jl_ al\ £yi lj_£j (jl mil (j^o d j t "Lj^*^ i j H CjljjJi!l (j-o Lj^Li. IjuCjj "i i nl 
(j-a (jj£" (j^J'j 'J>-?^' ^^-^ d i Lj^*- pt-n") LjN->>J1 liJJj (jl IjJL>-j 
Lkjju>.j Ljii nj-J^uj^U S^aJliil LLu L£L>. _ ^.iUtl_i _ I q'< a LOLiJI <j-a ^>jl 
(^ Ci (j^>-J '(J^ lV 3 Li'j-i^-" Sjj-fSjJI I fljlr <"d !<■»->. (^,^1 Lj^4_>JI ^JJj d j u<J 
Joelj-bLk Jiy>- J>^ J (J-*^ liilj^J .(_p3lj^.^l C-uio-l j 'C , uli (_p3j_4j i— il i^ia jL3 

4jjc j^JI S^iiJI cu_<ij Lj>U. t*JLlA (j! jio (j^ iHabener 
cjI^UJI lj>Li. jru Adult Pancreatic Islets j-JLJI ^Lj^-CiJI jj.^*. 

Lj>L>. cim.it _ 3_jjc: j^>JI 2_jL>JI d j n n ^1 _ Lj>L>JI ojl* (jSL! .S-l^L^SLlJI 

(jj£j (ji (JaIL>J,I (j-o (jr4^ (j' 0 J "^tH-"^^-^' JjSJI Lj!^>- <— 3j 1 

(j-ltj i .i jVl jj— a3 Lj!>L>. I_£J (j-ojj I— #jl (_gl j i .iLj^'v i itl CjIjJjjJI Lj^Ls- fjJt) 

2 j j i a c VI (^jk La Lj>L>JI dJJj (jl Jljvj (j-o. SLvLail C-tjL£j JcGlj^lj 

^IjiJI (j_a 5 jiLil J^l jJ.1 ^ i^f . Developing neural cells aU 

(j^a. tiitjj _ (_g_jl>JI jj U"tl (jljJl £j_«^>. «Lj-S (^j-j (j I ^jl^" (_gjJI (jJLii^JI 

JljLaLJI 3 j.u^ttl Lj}LitU Sjj^t.1 Nestin marker Qh"nH'tt d o 1 iilj (ji^- 1— 3j-«jJI 

j^j CjIj\Aj*js L&JI i u» ! jrp-J 
LMi-. ^1 . a_yslJjl 5 j j <^«tt Lj>UJI (^1 . cJj^J l( jrjJj_^iVl jj_ij ^1 >LLo 
(jSLaJ L$jl tfjiii jjJl>- jjk Lx-aj Lj^L»- I (jj 3 L4J d 1 ^ 1 V" t, I (j^L^iiLuJI 

j^JJ i_al iM,l j^L>J.I jj-iJ L*_j3 ajjLi^ Lj^ii-j 4_LLu<ax Lj!>L>. ^1 Jjitli (jl I i>i_il 

3 1 ^-1 1 ^-1 V "1 a Lj!>Ls~ (^1 jjl_«JL!l ^^^Ll Sj-sLS Lj!>L>JI ojuk (jlj ij^LiJI Ci. 1 S 1 JLl 

.(j-daojijVI jj-aj 

(jljj_<j/ Sjj^L^J C-JLalj 1 <J_a_i_fl_>J I (^1 jJj_i^5jJI (^ 4_j_CjJLj c(_cj^J_aj 

cj!j_L2JI Lj^>Li- 1 U<i '"1 cjjI, "i -».1 I (j i 's I j ill ^j uojJL I Ijuk (^ L^jL^tjl 

L^ia cj j-i^lj j-^=^l cr^ 1 j Pancreatic ductal cells 2l^Ljj_S_lJI 



MjjJ! JjVI (j^L^JI Jlaj _ type-1 j<mH 

(jjs 2 lj 2 * 1 ,1 Lj^>L>JI ^ - liL>^ i n M (_jiaJj^o Ltali ■ uJ (j I (J^ol 

0 jl , ,i Li^LiJI tJ3^j (J' ila^ i"i ^ i * ^^ajj-^ll d j i "Lj^^ ' ' H Cii^jJLSJi 
Lj>L>JI J j ii~i i m_i 4Llj*j U-a i^LcIJil <^-3 2 K ui o V li^jv i2_ulj cLjJI jLtJ 

.(jjjjjijl ( j^o 4-ua.dJj La jlj-^l 
t_y£ Lj^L_>JI ojbfc ijaAl ^yj uojJ, I J n 1 1 ii "i i ii _i jsJ »1 «il «tl (jl (jl l_tJcJJ 

iLuIjJ Lj>UJI ojbk jjojo I^IjU. (O^-iSJ <Type - 1 JjVl ^a_Lll j< inti (j-^J-o 

1 ii j*C i LjjljJI ojufc lUL>u j I i L$J j < uu V ^^LUI jLg_>JI (J-«^>-J 

Ly ±£. J^jOi i^LUI jL^>JLi L>UJI ^ L&±a^ Encapsulation 



Fetal pancreatic Islet cells 2lUj^»JI ^b^ilJij^ biU. - i 

Ur^l Lr^ Ur* — LJ iS Jj-^" (jr^l ^} ^ "L' ' — iJSLj iio-l_jJI J.4J V 

2-u.d.->Jl d-^u^l (jj-i^LJI ^ ^SJSUJ.! JjIjuJIj ^jJ-Vl j^l 
progenitor d-u^jj^JI ^Lj^SLlJI jj^v Lj>UJ 1>i<^ a fetal tissue d-jt^LJI 

-.dlli JLi*^ 0 ) islet cells 
.(Lcjj i ,i! M _ V ) Fetus j^Lj <Sj-^i i>-^ «La-jlls (j^Lj^SLii 5jr , „'i? _^ 
SjjLaJUI Purified islet tissue SLSiil ^LjjiLLJI jj^>- 2^*-^! _Y 

.Cultured islet tissue a'^nmU (j^LjjiliJI jj^>- a^uj! _V 

(jf IjJl^vj . I /j "i r 1 j j Jljlj dj^LUI j^l ir-^1,1 (j-o JSJ (^JjJj-^Vl (5>^>J.I jrJJ 

l£^Lj (_gj-<IuJ (j^_L>J ^Ljj£LljJI I .l') J-lfcj '(Jj^l J J lr-ll,l (j^i"^^' (.gj'l I II a 

t_gj"i i 'i o Ijjljvj iSLaiil (jjjIj^SLuJI Lj!vL>- jj ir-il,l dl!ji£a 

JljLo (j-SUj 'Jj^l j^l iK-it,l (j>iii Vi_) - Cj^oJI jJj — o j-o _ ojj^-j (M'^ I 




t>Jj ' "'t VI igj" i .i a (j! IjJljvj ijt-ill Lfc^liolj (liJLjJI j ' uaJll) 2" j i" i nt,l 

L^L>JI (j! (jj^>-l-jJ! ^"i" 1 1. 1 dlljuj j j SjJLa J^L»- j»J-JI ( _ ;r a j-^jjj 

■-■-i ... jja Cultured islets a~ : '<~ ,„ U jj^JI ^ Precursor cells 

i_uL>. (jJjjjijVI w La «" (_yjJI J-JJ^I ** ' -"* ' -"* 1 1 jj^?^' ^^-^ (j^l 

3jjl_«JL^ L}LJJI ojut (jl j__ a ^urified islet tissue Si a UI jj-^JI LjM-^- 

U U «'i j p i n (i i") (jl ^jt-Ti 1 1 ") V ^LjJLij 'jLill p i ii->- (Ji-J3 (jl (J^3 JjtAILi 

(_p3j_a ^!>Lc. ^ I ^ jlr Sjij ^ «U jLjSLII JLo^Mj hSj ^ < "I I «-IjJI ^j- 0 

• joJLkJI t_gj"i i ii a ijr^- J "'.'H U^}^- 0 ^>-l « p-^-Sj 
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j»aiL>JI ^jj^ia *L^jj|j isLjjIj^JI oj n ui II L*!a Juu 
JJjLj>tJJ Lj-ajJ «JljJl». CjLuj». ^^L. i_3jjl1IIj mi Jl 
Ijo iL^Jj-C I lij ^jIj^JI («SLLJI iLjL. ^ L^-tSa-a 

Luj-dJ ^(^j-tHj (J^ (jl J 4<LlL>JI Si j_) d 2 ■ i u rt «L^ajj 

<_>t£ ^ 2_p j^T i-3j^>- Li Ijj U i n a (jjSj (j ' L»J»- J JoV 
(jl Jjab Cjj3j jiia Jj-i . J^a lSJ^- 5 

L>! coul jJLJI L) ^SJI ^,^1 jL^>JI L}L. 
usl 3jI cl jf j»l ~<ni\ ^JLc 5 jj UI 

SjjJl^j ,j£. I iLi Lo>K Ijo .Regeneration 1 $ , n n'* 



j laj 1 oj (jy^II 4-uL c a jS UI j 4_t2jj-iAII (j-Lj| ^Jill £-a (jjnlla 

VS i<Q ih. -^Ij (jLciVI J£ jloijJI Lj}L>. jj- 4 -^- W 

(jjJI jjl-i"1l 2_jjJij £a (j ii "j V La J^>. ^1 (jl_£ <bl 
jLg_>JI Lj^L>. (j I jtSil I OiiV jjfc La-aj . Ljj aJ»- j j uJu 
JSLIj i^ljjVlj J1£L^V| (j^s JjJjlII L$ia Jo-jJ (^jj^ulII 



1 ' a dJJ tiJLj i 1"»- I lij-m^J 



^yic f Lu CtL> L^jI Ijuk w '» i 3 i I jSLi «JjLJLj-a Otal-iLaj i<Lx_iij| J 3jlJ_a_a d j-joj 
(j uSx *ljjl! LUlC l^lj -3jjLj«_Laj <Lu-*_a dlljjJa dlli <U-<-*_a L0L>iJ £ *-y-" -a '"'^ 3 J ^j" 
Lu Jj^aJ i— 3j i .i 3 d j ua-uaie "N lujjj j m aj LOLiel! (jj-j-OaJI jjt->"ll j ^^IjjJI 2_?^j>. 
3±&JI L}Li. ul\ - «JjJljiJI 3_j_L^a_»JI L}LiJI «j taJL L$iaj . J , n >JI L}Li. JJ- 4 ^- 
L}LJJI 1 p\ ■ a > j (jrU <j-a C^j-i. LUlc L*-£ (jjJI <2_ajjVl ^ 3_Ji|jJI 2jjliJI 
jl j I ijjj-al L$! 2 ahjJJ Ljcl jjL 5 j , . ^»11 LOLiJI o' (j ' ,a .3-tlu--vJI 2_ic Jl>JI 
j»l_*JI (^Ij^JI ^-«Lj—JI i rn'pLj j-u (_£aiaa (J|j_«Jj (.pljj ^-^J^ W : <j2-3 Ci t i"i 

L}L>JI iJJt ij^.] (jjjf-cjj .(jjrtJL^Jt L}L>. j-a u^ 1 <_k '2^<-c joJI L}L>JI Ji-ta 

L}L>. ^1 jjLali ^ - Jjj jf tiilj jjej Lbjf I j! . eJa^l (jrWeJ (jrta- Lssj_aL i I Jc*. 
(-di jj I jui (JjSj i^j^i-Vl 2 ir-11,-1 V~ilJ LOLiJI j^a Lssj_lC. ^1 jl t 2 ir-i ir-iV~ia 2 j j i^C 
L}L_>JI ^^l^. jj i k-1 S a J-J-C. J-a^l (jl JuoJ . 1 <pl flj f_y\^. Jal_fl_>JI j Lg-al i n rt'tl jl£-al 

_ jyyli dll j ijt i n"ll jiic. i f i n "'i a .«jjUJI 2_lLlL>JI L}Lk!l jf Sulii^JI j^>JI 

V 4jJ Ir^ltll L}L>J| (jl 2J^2_a <bL>-J ^Ll _ 4 J J Ir^nll L0L>J| L_L>.^JjJj i^JS jj lr~l I r~l V" 1, 1 

Lj^I i. 1 (jia i " i -r ~m (jl tujVI j_a (^ (jlaliil (_>a-*j (jl ljj^>-j (f^>- tilljj t^i . n S T\ 

Neural stem cell 5^,,,^^ j^. ty i c , | ! Neurons olj^u^jJI 

I jj i a 2 rt (j_u_J j-a^/ 1 (j I (^1 CjIjj ■ i Cjj-)Lcj SjV^JI (^ylujcvj (j-L«JLJI ^lital (j^a 

(jj! .~oj<LA,\ \$W\ yi 2i».Vl b}U. (^ic Vj ^SjIlL^JI Wji^JI LMJJI ^ laZa 
(jVI cjLj t ^ i .i S n V _ j-lL-Jt (j^-iV i"ill ^ _ 1^ <j<i -v <a j 1 1^ <ll Li^ljJI (jl (j^itjll (Jj-S^ 

(jLaJill j^I^jJI dJl^I La I Jl&j . La Jlj>- ^1 J-J-C J I g^tje-LO j— I i^a-Slj 

j^a ^ jjLlSkla ju>.jj <uf Ij^t^jf jrt>. ^ j ^ ^lo t^Lc oj^Lajj J. tAltman 
(jL^>J SjIj^VI a^KJI ^jij) Hippocampus .^.-Jl 22kia _ SjVyi i-ujJo. jti 
^yk. 5 j JlUI L^J L>U. ^,1^ (jLjl^; Olfactory bulb - ^iJ\ l-u^c SJL^ajj (j-^JI 

1 j_a (ji~ St-iilJ (jl tfjJi£.Lu_aj (jLaJlIl Jia-Vj 
3_jiitil SJjJujJI CliLjLCaVI (j£. i_ujJlu>JI ju-a _ j (j^i< jtl jl £yi jaijJI (jic J 

lCr Aj 3jh^ tll L>Lk!l ^ 4j>LJI ^IjjVl *IWI ^ SjjuUI L^jjJ j! . ^Jl^JI 
/\ ajjL L>Lk!lj .Astrocytes ^-a^till Lj>UJIj ^Neurons a-u^^iJI L>Lk!l 
VI 1 ,_L^3 U, jl^-I c^iL <uLa Oligodendrocytes jjIj>II Iajj^ 



^Lie_«! ^ a_Lcj^>JI a_iLiJi ^ ^ ^uji ijj^b Lulju VI .cdii 

.( w1 " nA ) JjUiJIj f L^VI ^ Sjj^JI dlWi L^fj.ajtJLJI oLyjjJI 
(jali *Glia 2_iijjJI L>Lk!l j^^i ^ Astrocytes 2_uu»JI L>Lk!l j! jSIjJIj 

j^ljjJliLJ^L^I JJI I «t.jJI Jl jai LM i.^'^* - v " d^J^ 

Lj>l_yj ajj^kJI jjUdLi lLj^; ^l 3_ii4jJI .sl^il «J uaj Oligodendrocytes 

(JjLjjJIj . Lj^LiJI j^c 4jj ua*JI (JjLjjJI Jij 4 jl «i<~ ^ Jj-t^jj , nj I juij isLuj^ulII 

tCjljj ja^jJI Lj}L>. La>j>ij j^oJI iDopamine j^bjjJI 3jl_a ^ SjjU_<SL!I 3 j j ,^ <ll 

jl ijJLjJI (j^aae ."11 j-o ^ *Ijjj <LlcJl>JI Lj^liJI (jl q£\ QjIo.LJI ■> S'tjj 

4_|_c ju>JI L>LiJI «j^j Lal »1 Url 5 jJl^JI LJ t Fetal j^LJI jj-^' j-« 
UjjJlj Jti\ .precursor cells 2_;JjVl LMJJI ^ SjljJlc S IWI jf . I g ■ 
.(^ i JSLiJI) jilidi <ya Ldlij 3 m,-nll b>Lk!l ^ 4jMiJI ^IjiVl jjas. 0 U<" 





I 



j^i>>ll ^ aJJLJI 4. h Luajdl iu^a^JI iuiiJI JjUj j^bjj ( U) JSL^JI 




UI 

tiujo. Fetal j-aLJI u^*U dlliSj iSJLJLJI <jjl_ujjiiJ i^j^j-ll «'l jU-^' 

iJil^jjj (OligodendrocyteSiAstrocytes & Neurons) <Ju>LiJI 5 j . <^<tl 
I j£j 1 2Llj£ jl»J! 4-AJ>J\ <JI Jj^jj (PJI SjLiVI £jj ^jltL JOjSiil 3j ur-Ml 3_iLiJI 
. jJLI i „'i JS-Ij ^Ijl^j 2_j^j^JI 2_iLiJLi 3U_.^tl jLjuVI 2_u>li ^Ij-JI ^^k. 

(_gj^J,l <tl jUtU 3JLILJ1 jjJI Sj-LiJI J^i S-SjjIs cULJI J^^jj 

j_a L^iiajj LgjU^Lc j<u Lg-cl^jlj 1 1 JjJljo I (j'ii^jl^ij I j-Sj i(_y»>JI (1>5^-II J i ii 
4-j-ol_>JI <— il o i nl jJl SJLa- "i i ul (Jj « uaJ liilij < Lgjlj_Lj>. £-aj (J 1 * -1 V 

Ji-|j ^ Neural stem cells markers 3 j , ,^ «tl a_i_cj^>JI L>LkJLi 

4_jL>. -Sj-^-J ' f 1 uJI i^ a <--u^aJ dili ,J£j .d m iVi ( jr ><-!l d>^^>-5' J mv 

La jJtj i4 i>i->.Jl-J (j-uij (j-o JjV i 'l ifUI Ijuk iiJLiLuJljJI jja dli^sl ,j-a cLjjcju». 

<i-o. l \ \\\ (»L»JI tA^' cLS iA9 S. J. iMorrison ^.ujj^a Jjl^Li <u ^La 
Jl^JI Lj>UJI ^ L^i ci^cjj l( 5j_^jJ,l 0 ji^ «tl jU>JI iya Lj}U- j^f 

dilij t j j "i ->J. I I (j o j m <i*t_g I ^"i ->JL«-aj L^-Ij-C (j-a (jSLajj LkjLjv^S t j p ->J. I 

(j^LaVl Jij I ^ o m Flow Cytometry LjMJJI jl <j > 3 U,,,!^ 

,( WT ) Sj^vjil 
Cr u^*l\ jl-^JI ^ 3jy>-jJ,l 5 j j ii-ntl 2jx.jLjJI Lj>L>JI (j^o jjjjlII tiJLukj 

Subventricular Zone Cx&aJ\ Co£ 2L2Ial» aj^LJl jL^^aJI 1uS£J\ . \ 

:Ependymal cells JUjIjLLuVI biG» _ 

Ujj^-j juu ^1 Nestin 

EpendymalJI L>U.j .( wr ) a , , ,\\ 2_hi^JI L>UJI J*. M-Jj 

it_iljUkl iljli J*v i'itl cLusj_ik LjMi- (^T-ikj i j-1.1 iLojJLaj (j^-f^'"?^' (j^ M U J II (j U JJ 

I j a J V "i i n I \ 'W ^l_c d_Sjj_3j C. B. Johansson jj miUj^. (j! VI 

i>juk (j! I>^j < jJLJI jLiJI ^ i^tll jL^tdJ a;UjU Ependymal LMi-. 

.( M ) ^ lMW Uli LMiJI 




: Astrocytes cells 2u*>j LOG. _ 

4lkJUj <-4>JtJ La jl Subventricular zone ^ LUajf Sjj-^a Lj>U- 

j 1 1. -*J1 ^ 2 j'-j j-uajJI Lj>L>JI »Ltac) (^lc Sjj-UI L$J L}L>JI ojuk (jf c. /i 

(j-o i-dljjT JljLj/ jjfc La (j uSLc (jL£ JUJL>JI (j <i 1,1 Ijufc (j? VI . 2_jJLi_j Lj^Ls-j 

JjtAJLi 3 sjjUia Lj}U- >laJ& ^.4 Astrocytes Lj}L>JI (j! 

<_JjL>U .2 lr-1 Ir-I V "l 1,1 2 J J Ir-I <tl Lj^l-iJ I (j-^ lJj->- ' (^1 (Jj" 56 -" * 

j<u 1 I ia Lj!^L>- lj <Ai-l 0^>- nj^t-ijtl Cj->u d iiUia Lj^VLi. OjjjI (j-Ca-LJI 

Neurospheres 2_uj , <^jLj>£ J>=*^ ^ - ^ _ U^Lt^-ul 

Sj_£uJ Lj^Ls- j*l i ii n 'l 1 j rt-r a '.(JllLa d i <-i i ^ V" a ^\ i »a\\ rt-r a (JJj-b ^Llij 

JLJjVl oL»JI b>U. ] (EGF) Epidermal Growth Factor jl>JI 

d—uj j ua «H <^jLj>SL!I oj^U ,«u *Fibroblast growth factor - 2 (FGF-2) 

(Jii u£ ^jL^J\ C. j S i i i U «^lilj-a Sj^c (Jl!jj_^a joj i(_>^»-*J (j^. I (j Ca t i (Jj-^J 
jjLa-Ii (jl (jjj ,j-a <J1)Lj^SLI1 OJUfc (j-a 3j_3j <"it-ir La tj>l i nii'lVl <Jlllj ri T a -5j^>-J 

L}UJI Jla L£|j 2 , j io.ll LMJJI ^ !>L^=^ c^Jj - (Wi) t^T ^1 

(j-u Ij-^J-^J ,A j . .M iIjLjj£L!I ojLjk IjJlj>.| i4 j flj, ' II L^Li<-!lj 4_jjj_j-ua_«JI 

cu I ua-; Tj iSerum free medium J uaJ,l Jl i. ,U.,.j tl | jufc . kJI 

^j^a 3j-iLa_ILa ^l^-il tjr^" ' a ^ tiJ-ljLJJ , d , ^ / ^. j a ^\ . . t *A j] ^»a_) ol^} ^ rt 
IjJ^tij ,( W °) 2_jijjJ!j 2_l^j ji^»ll Lj>UJ^ .3 ua-uajelll 4_LLua*JI Lj>UJI 
p'" 2 U (jl ( jr l^- SjJ^flJI LgJjJ — «IJLILjJI (_p3jlj_flJI ,j^a 4_U3L>. _ jj^l l_J^>L>. (jl 
2_JLc u-lj^ «-1I jl j ><JI Lj^l (j-a L*j_^C. 

.( WV ^ V ' 1 ) L ^i^l 
j_«JJI cLlLo-ilj cU^sLiJI CjLU_>JI i_ysju -S^^-J (^l j J uj (jl Luk I ijlr cjjjcjj 

Lj>UJI jcvjj (_^l dUl£ . 3-LLuaAll <j^Lj^SL!I Lj>U. Js> Sj^yLI _ jjU~dl j 

i jj,l J-4JJ J>^ a -' d jl o <" «Lol t_y-£ I— ikjjJLi j gJaj i^jJI «Jlilj-SLI d < i i r-i 1 1 

L_j}LiJlj Neural stem cells 2 in rt <tl d-^j^JI 2_j_LiJI j! ^^-Lhj U^a 

jl (_gj_«JlJI (_pljj-!l £-aLij_jJI (jL-^j "i uU Jji-L! jl (jl <i ri T) ^JlI! 2_j^£LI,l 




C.R.iBjornson jj-uuj^ <ull J-^j La Ijuk j ■ jlsj ' ^ ■ ^j^Jaill 

jjL«-Ii i2x.mi J Laj-a jLa I (jifi-». J_*j «LiuC jL>JI 2 jj ir^ttl L04_>JI (jl Ji^-J 

. (m) ^jdJ ijjSJl! L.>UJI ^Uv.l 
:Hippocampus «^ta^taJU j*^" ''^ 'jN^ 

5 g KM t jJJ ^uS S^tjLUI 3j_£l jJI 2_lkla (^-ifc ;> ua SJLkia 

«tuuCJL». Lj!>L>- OjSj (_^LJ <1uxuu;juj Ij^Li- Lgj Jl>-jjj iju«_jJI (jluuaj»J ^ j C VI 
^ i m^jI (_Ju j^ajij-i !_yJt 4_ul_i-<— l$ 3ul_4J <r ' o < nj ij-^s- LOL><-II 1 j '** J J 1 a c 

3jUI JJJu Jiii jj LajjJj tP-Ilj Bromodeoxyuridine (BrdU) <_>jJlj>j 

LMi. ^Jl JjLuj 3nU;U iilb <yj Labeled <aj^jX\ LOUJI ^ '/ o • _ t 

. Neurons 

. Glial cells 

! jjiitA JSLJu L^J (jjiJ 2jsjjj/jl,l Lj^LjJI <jus '/.T o _ ^ 

1 _JU-U jj, I Lj^L><J I £^>^ ' J^"*^* - ^J; a l-^Jj" U3 L>. j I Sj_LX Liufc (j I JUJ 

«:l_a juj Jj^v ^ utlajJI ^LtiVI £-<±st S £ 4u_j_ajJI tUuCj^l (J^>- ^tal i j L$j| ( _ T JfcJ 
(jl Ijuk ijr^j • f mSn j»Ji-M JJ>i '*'A>^ *|>*-J-*» (jr^ 

^1 j_jl_«_iJlj ->l , „S'.VI (jic Z j J flj I LuJjjJ £yt ■ * —M cLJiiaia Lj^l >■ <_dl_ufc 
<-uJ-^eJ Ijuk (j! LU Ir |jj e- 1 ?^ . 4_jj_uajLll LOLJJI 

.sLoJI 

!SS jJLi 4j-Lua*JI 4j£: j^>JI 4uiiJI S^>Lc (jjSj i auS" (jSD 
(jl (j^. J j iK-i flJLll (j-o * ( _ 3 uiiJ l_uju_>u Ijl «UI - 4 ^ a. j ,j^o _ jualjJI 

(j^o «Jl! Li^iljjuJ I ojuk (J^S idjj ir-^ttl <J1j5^-^=>II ^l^irAjj-^ 1 O^*. 1 .' I a '^«.' 1 la j^j-j 
LujJ Jufc 1 1 (i j i n a i_3^)_«^o ^IjJ LujJ I ^K tuli^L^a^JI (j-oj Lj^L^JI 

jLa La-ii-i^i Ijuk (jL_5 I jj SdiMu^j^JI j Lj>L>JI (jjjiu j— «b 2L»5Ij «JuLL"-»- 

«JliLLi^JI (jus «JIiIjLlLo (_ylo- jl (jrtJ^^ua oLiLu (^ (^J^eJ (jl cP'j>" («SUaJI 




LU 2iajjU,l (JjLLoJI JJlC jj il Jdilc LjjJI jJUl ^jt ir-i Ijuk (j! jJ 2 inii-»Jl j 
l_£ajt-J (jl (jl^ (j^o (jjISL! (_^jljj J-oLij-jJ <_>SLaJ Xi 'LjJ* - ^ * 3 J=tJ L)^' Ur^ 5 " 

jio LaJ-p- 4j-l£Ijjj jJU tLufcLa IjJ 1 "'^ (j^^LjJI 

^^^Jtj j! VI J.JjLLl^JI jru}La 

^ 'N 'N V (_>ujLa V >4jIj tiJjjj^-jjJI Sjjjjcj Gorge Johnson ^a^ia^. 

ji£L) (JSLtUiJ LsL^a L^J ^jy-aj t_jl_j^_u-£ajLl1 tfjufcj ""'l '*j . > ^joSLa ^_u_uj)> q\ 

£Xj\\ Jju pU'itlj 3j_iiJI ^jfi j<u i L^jLjiJ dJJj Jju tiJjLu j<u i Lul jJZi£. (jj^J 
dJJjuj — ^ « " I j uiaj-J Cl Ija j «J I Jaj^j ir^^ i(dJLil ifu a) Cj^L-uajJI «JLuo 
i l_La jat i". JiU Sj_^4-a i_jUIJjtjlj <Jl)Lal ii "II LgJ (JliljjjJI (j-o LjLlj J*v mi "n 
^iiff (^j-jj (j^JI (^r* *j_j_>JI_3 d-j-oLs. m $ LLo (jr-iV i". JSLI J_«_>u 
l_£j j-upj cLfl_^3J J-a-C- ^-iljj-i (Jfi"jJI ^ij-ZHj h_j5Lj-oj J J < " «Ci^Lj-oj 
I o r 1 n I" V « <JjLL_>JI La (jjSLj (^j^/l SjI JljJI j i a a I j\SL&j 1 1 (jin Jajjjj 
lujjj »ii a jujJij <JjI_Ll>JI J-IijJ i jJ.1 g uaj £-a L$£.LlujI Sajciill J-i^sl JJJ . jj,l 

4jIJljJI ju-a d 1 1 < f— > Lj.3^1 j ir->jj (jjSj jj,l J-a-C «JIiIjjJi (j i^ « j S tjlj a" i "L 
j-a (^SL! i,jjil>JI jl j>l «UU cLiCjJI (j_y>-l_bej V (jjjLlILa . j- i - l« - 1U SIjLs 

» (j^. cU _al*J La^a (j^lj j,^!^-^ J-2-*-!l J-^ijJ iSjujLj>JI (Jli^L^jJI o^Sii 

liLa diljJ . I 'i j ,~« joJju V I "'l j "t ujK' (>° c| ^-" ^j-^^ ' " a '«2_ulj>!l 

(J^jjC 4_jIjjJ ^^« i (ji Jin i r~> flj, I (ji _ Lcisji (_JjJaj d - ^L? - ^ 1 I u^o>J-3l 

I jl 3_j_LoJI t_j>l ir-ijJI oJUfc (j! iSjlju_JI jLLa 2 .lLo L^j^Lj^sj u>^ j-^l 
3jj>.Lj_o 2_jjj^j_o 4_lL>. i-fJLufc C^alj La 1j\£L& (Jiiija t J J^tlLa JJ^t^a (jpljj ^-*I4>^ 

jj.1 Lj>Li. La! iNeural stem cells a ; ,^ ♦» a^cj^JI 2_iiiJLi <_aj-jG 

i_ja_4J SjiiljiiJ tjiaLa q\ i ii i^I ^ j i —_' I '.(JjLui (Jlu-uJ JlSj .dlli j_lCJ <_jlj_iiJlj 

* LjJ Jjjj Jl^-jj ouLa (^iJI 2j-L>JI (jV SjiTljJI J-lij V SjJ.1 (j^s SjiTljJI Lj>L>. 

(j-a i'. \-r i .i LaJ i U ii "i ->u (_3a_,j/ ^^^-Ul (Jj-^^/l Lj^>I — iJI ,j-a jrU^U.1 — 0 
JjLjl^a lil <±JjwieJ Sj_?ljJI (jljLLS (jl Jl_u ,2_5_iLj/ iJlllj J jl iJllLajI « a 

i_jVU>JI VI (jj^J V Ij-ifcj lL> ^Lj_a^_iJI Jjuj>_a Lj>U>JI ojufc ^ JulLAJI 
4_J^L»jVI (jlslj-a^l d j flj jl QJ 1 'i La j ^ U_l jjjU£.J td j i'^jJ.1 

SjjUJI c_jVU>JI ^^.a di! jJ .Sj-^l jJI ^ JSLSo jiijj ^1 ^j-^-Vl 



L^LjtJ 4-oJLJI LOLiJI aJJt ,_^aJ_jjLLl tCLufcLa JisLeJ jJU (jLa iA j 1'r-ij-a^Ul 

2_Lcj_jJI 2_lL>JI liJJj (j-a VI j^jL V 1 j ' U JJ *"' J 5 fljl La a SjJJ-»- 3 uL 2JjJ_i 
SjjJU». L^Li. w ^ * "' 1 j^La-I ^ j' 2JjLa_a £ l-^>- u ^* *"' iiJ-1 Jlj (jt^ 1 J 'J .' * H 
(j I Jl-U . I j ... A > j^JjVI tUbjJaJL Sjjjtjv sLjjLljv <J1i1j j -v. i. i i nCt i 4_ua-uaicILa 
j j jfc jjk 1 4-u-uaJ»J I L^litl! ( _ ;r Jcjj jGJI (Jlij^iil £L*-uj CjJljcj (_gjJI ( _ t jjL>JI jJ^I 
j ^j-j>.i cJijLIb^j »jl a a £eJU (jl_3 taJl *j ,jwa-*-!1 p' ILj H £_a (jl j i .i 7 T t 

jjfc La jJ.1 2j ii^ttl 4j^.j^>JI L}L>JI jj-^-j (jjSLj jua jjj .2_^.jL>JI ^Vl 

JLcvjJI j-ti-Vl <bt£La ^ . ^ji^ntl jl-^>J! *Lb «^Lu-^J - j-l^L>JI VI 
cJsj j_La d i \ i n SjJLva cLa-Je-a-^v (_y3 Li_LJLJ ^'j- 5 ' d_«^aj (_gj-JI < j-XI J-*J 

jj&j ^LLjcj i fl-jSLa ilj-il ^1 ^LLjcj (jl ^ i j h Vj ^LjLjeJ V j ijjals 

jj.1 5 j i . » 1 1 4±c jl>JI LMiJLa jjj S j im-kJI ^ j-p-VI j JjVI jjJL^LU 

iLjJI ^LreJ ^^Jl 2 iil"AJ,| 2j j i^nll Li^litil JJLa -io^>-J JaLiiti! Sjio^-j^j 

«J^J-aS n_$jj>.Vl L}LkU (jjIjjJI ftsliaJl J-aLc £-aLj_i L-uL-u! L$J <j-iuJ ^1 
(j- 4 u! + N jl d ?*N M,!)-* - S J- ! ? J *^ j-' 1 ' Lj}L>. ^LLj-jv Oj£"< 

2£LU-a ^ Jls-I j jlSLa ^>JI 
ojufcj i d j j i r-n 11 cL^cjL>JI cUiitil (_yjljj-!l J^^J-P' ^jt-itLi j-Aj <4j£ J i .i->JI 



Fetal CNS stem cells2Luul^t2U^^t3L^^l biGJi -Y 

^ \ V (j^-J La j-a^. (j-a) Lu i .i i Sj_u^ tLcvl jj^a CjJL>.| (_^lJI Lj^LiJI ( _ T J*J 

SjjSjj (j^?<-!l (jr^ . . ^«tl 2_i£.jijJI Lj^vLiJI (jLa j^aljJI . (Ix.j j i u I 

<tl>.j_a LaLaj dili i rt ^J-uj i jj,l cLa- mj| LaLaj j_jSLjj i<I" t i u li 

<Luj j^ajJI 2_uijL>JI 2_lL>JL3 IjJ .(>ti>JI Ljj j* (_pJI ( _ ;r L^L>JI (^LuJI 
Lj>L>JI ajjtj .(jJ>JI (j-jl^-II 3 t m 'i I J>i^jJ (jr^Lu 2 jU r I o (j a IjjJ 
^Ijjf »lt-i rl ^J^: ajLalSJI SjJLiJI L^J jrt-t^JI ^ 2 j j ua «U 2_uC:jL^JI 

(jaSLj L^jl l_a^ 1 j-uajJ I J d j iiijJL^ < d i a i a V "i 1 1 (j-j-uajJI jl_^_>JI Lj^Li. 
4 jla r (jl ^1 j j m i 't (jl Lu jJljcjj J jj,l (j-a (j^Lal Sj_c (^ Sj mi "i a 
d j r j— >JI L^l_>JI j_jLajj m ii'tl SjJ_£ (jr^- iJa2-3 i-ii3j_Iu V < jj,l (^Lo 




mt»ll jlgjU I gUUolg'ft ir V?M*6>iJLaJI 



(^L. I uajf (jSJj . I ^a-Lljej ^1 3 ,^ ,^ ^.-.tt Lj}LiJI ^1 3 j i ua »11 

(^olJlJl 3_lUjl^ ,( m J ApOptOSis jj.1 (^3 lluj Lj>Li»J £-a jjj.1 CjjJU 
(J^ (jLSLa if£^c-a j«i.Lijj JjjjiLlj Li^><J Lj^Ls-J uli^aj Lj^L>- tfJtjk 
(jjSj ^LjI (j-a I o (j ' j; Laj LgjLx-« j»Ji3 LifcjJj_a ^jj <_jjjSLo <_jLl£ LgJ <LlL>. 

ijLill (jj^- <— ijLjejJI (jjjJa »1 «Uli 1 gjj) (Jj^jjj cLajLJI jjLlill (jl JljU 

ij-U». (j-a d_ i l. i l > . d j i i^if j_>. _)l___tl (_--_ (_Jj i r-i ->J 1 (j-a J_*J 

j^ic I g ; a Ijl i^ivj ij^IL>J,l __a I (j'r Ijjj Lgjl j i" , , i\ iL_j-j__I ^ \ 

^I^jl j-j-«^>- *.L---I SjJlSJI t 2 jj 3_^j_»JI L0l_»JI <j^a 

iOligodendrocytes- Astrocytes - Neurons - 3 i^i^-^-Ul 3 ni^*tl Lj>UJI 
qm I ^jlr Ijl i^iv t 3-ujj i^nll cjIj£LII <U__._>J,I __a £_»_«JI -J^j 

Lol .(jJLULo (j-_oL_ SjJ, j&4_al__a __3 _jl___tV d j j i^ir 4j__.j_>. Lj^-i. ^1 i n ii'tl 
(__)! j>l i nii'tVl <J_I t-i ui ia jl j-4-Lll <J_lj ii~- a £jj I j_jLa_3 I (jU-v 

— -Ij —-—a 4 La ■ "Ij. 1 j^— J 'J.' ' "* * ^ '^Jj— I jU -v Lo-Lu>.j . L^jjjLLjej 

. Astrocytes L}U /V o _^ 

.Neurons oU^-L-a-JI Lj}L>. }0Y . Y 
. Oligodendrocytes j-ljjJI ajuLUI L}Li_l '/.Y . T 
I iAj! (jSLaj j j b. 1 1 j 3_j^j| j Lj>L>. 2_j^LJI 2 j ,„;n j 

Lj>L>JI Lcl^jf w La «J (j! S-jJjJjJI 4_uj_t_uajJI 2_;^ijLjJI L>LitiI 

A- GABAergic. 
B- TH - positive 



CNS neural crest stem cell 2uaJl»JI ^aaJi <4>jJI biU.r 

Llaj a a a i rtl'-^j Neural Crest ^ .^»11 i_a j^JI Lj>U. (j! jSI ^ 




'a^claJI'ft. iItII 



2 , ^ , ^ ^- j 1 1 Li}L»JI ^\ jj\ j^lajv ^-Jl j\jL_a__.l ^Ir SjjJill LgJ L-l-=u1j 1 1 j i ■■ aj 
j»j_j._jJl.VI nij^>LiiJI i n <-»Jl 4_lxjjj^>JI CjL-ljjjJI Lfe j J i a a (_--JI 

j j U S ^ , • - -— ■» 1 1 i_aj t\ \ 2 j r JljJI Lj^>L>JI _)L.a 2_2_j_2_>J| . ^j-jjij-j£-jVIj 

_>J_J> _ T -5 j-bl jJLj V I i j a I ^ j i"i jjt Jl_u i i_-uj-jt_Ll I I J_J> Cj\ 'j a a ^cJaj-a L-g_tlc 
f 9 -? . j»j-jJijjLj^l 4^_Ja LAj Ju-a-a (_--JI 4 "- 1 1 a ~»"' 1 1 L-O^-iJI j-ikj iL-04-><-ll 

J\jJl->u _.,lr I j*j J_._> j__»J! 2_j1__ > J| _j--JI ilLtLi 3^, «Jlij-j-aJ (__-iII 

,j-a i_al mi "i^l (j^^LoJI o' S " r I _ T ijl VI . jjl-a-jJlj I (j i .i rVi 

CjI ri i^tl <_>iaJt-i 2_J__. ^.Ic ^u_,VI Ijuk jj <i I U_t ^(jU-v 3_j£.jL>J| L-OL>JI 

•V j^Jl JLlidi ajSLai 
Lj>UJI cicL> Neural crest cells u , ,^ »11 e-aj-JI LjM_i. _jl j-al^lj 
^LzlJI cIjM _ Neural Tube a j . . ^ »11 2_jj.___.Vl ^L^. ^yk. j-li-i ^1 

I flia J^-y d__vj"i ri a Lg-^JJ 2JL>- (jr^) L_kL±_L_>- J*-*-^ _)l (Jj-3 liJJij _ ( _ ;T -U-->JI 

J i " i n* dJJjJ iSpina bifid ^j-iJI 3I S n. 't VI _-,a uu ijry-^-JI ^ ^Sl-^ i^-tj-c 

j_a.L-g.ij i2jj_j_iVI tfjui LjjL>- I j J a J*-*-*-^ t3-^l 4_i^3j_i!l «J I i_2jj_tl Lj^L>- 

Lg_il VjJ I JUk J « fl " t C--Lfs l—a _ 7 -&J i ( _ ;r 3jJaJI u-LJua «J I jl j >JI _)j£__J IJl-i_ju 

4i__o «ilLUi L$j| U£ - ,Ai) 3,^, i^^La 1_>}U. <__!! jyUuJI 3_«^Li. dilisi 

Lt^L>. jj- 0 I mi i t L^aJgjt rt i3jUjL>. cLa- 1 n 1 1 ^j^JLl SjjiSLi jj>*ljp L^jI ^jy-^J iSj-^ ' 

3j ua «II 2_j_c.ju.JI Lj^LiJI ( _ r Lc f_j£ 'f^JA3-^.yij j»jjjj3-iil 

I (jjji.^INeural stem cells 
_jf t j II 4_Sjj_3j S. J. ^orrison £ 6j '"jjj- 0 ^'-^1 ^ 'W ^L*JI 
tiilj ^LutajVI L yle. SjjuUI L4J Neural crest cells Lr u^**l\ i_a jjJI Lj>U. 
^1 3_u__a-J| 3-^jjtJI Lj>L>JI BrdU _>jJj>j _,i.^jI _sj ^yjj-; Ji--5 l-»-^ 
(__a ^jjsj jLa 3_j__L>J| |»j__J! ^ sciatic nerve Ll_iJI 1 ,1^1 r L^j-c 

. ft 1 n <i ~t C_JljLa uajJI i_3j__tl Lj^L»- _)' U.S-^JU^ 0 ^^,9-^ i(J-«_>JI SjILa J^-ljl 

J^^eli LMiJI oj_4> _jf Jl>.j Chicken embryo 3->.L».j (_JI L^LSj U-i^j 

Lj^LiJI o JJt ^^-ic n i ?t j La-a . ( WY ) 2 i n i n V "i a 2 j j i ^ r Lj^Ls- ^1 jjLauj jl 
3__>._ , ! ^ Sij_>-La Lj^L=»JI ojUk C_-l_? LaKj . jjLa_iJI SjJuUI 2____, 

.^ Av ^ jjLa_i! 3-JLc 2_j__l__L>. _iili c_j_? j^jI.1 Lg^u-Ll. ,_L-vtj-a 
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j j c.j tlr 1 -^ 2 ^= a- "tlj *l «i U II (jLkil ( _ ;r i (jVI jjjj (Jlj 4 «j 

j»ljLa ' d fl b >i 1 I L^cl^jLi ^ j j u<3 « II <LlCJL>JI 4-iJL>JI (Jj^>- £j* ua u<a 1 1 

La djjjti (j I (^aJLI (jjs (_L^ iJjLaJjj c 1 " 2 m JL>.J 

■' * ^ ^ 'j ^ ^ Lr^ 



H ^iiaJI UaJb u-mi\ jlAaJt Ji* giUt 

(j I (jjJL^vLJI tiJj^l La-Lj-a- iCjI j i j t i u "II i a i a " jua ( _ ;r 3 CjIju 4jL£L>JI 
4_L-jLi^a_c L^Li. (j La »"' (jl ,j^L«-i jJLjJI (jl i u iVI ^.a ( _ ;r 3 (jisLUI (j a *j tiJLuk 

^ylll .5 j j ua-«JI 2_i_c.jL^>JI L^LjJI L$j jJLLi (jiaLUI ojutj i3juj^>. 
j-all <Lij£LU L^LiJI o -w ojSj cr^'j 'J— *-y tlA-i^ c?-*-^ j " "i 

LM^JI u t-.«~ 3 j i » II 2_L^a^>JI 3-i.UJI eJL£ lijj .^j^UI <_L^JIj 
L^LjJI ^JJj if> <tl SjL^fuVI j2Ju (_^jJI cj Lj j j i a < I L$ ^ «ill 4jj£Lil 

(^jfcj ! jJLI Lj}Li»J 3 o r jdl L}Li»JI aMISj i,Jj-aS2\ a-uj j ua t II 

oLS lij JjS! .2LtA*JiJI L>UJIj jlSIjJJI 2JLla Lj}UJIj a^jdl Lj}UJI 
o^lj^aVl a^JLUI j? ajaW.1 L>UJI UJ>U.I o^a tdJ j£ j-oVl 
^ j_a Jii_a !<3£U-a j— a? Neurodegenerative a_J>LjtjVI 3 j , ua *JI 

4_u ■ a» II 4jjJLjJI Sj^aLa <"i\l , . U ^jjL>JI t_JL^ajJI ,_p=>j_aj ' tJL? 1 " ' J^J W 

iAmyotrophic Lateral Sclerosis- ALS 
(j^Lil^ *Lj_uUI 4_ukh i_jL^>? cS^ba 'Lou Gehrig's disease - ^j_l»-jJ 
J i -kII ■ ^ i^aJI i aJbJI ^ c^>V j? <Stephen Hawking - 

:^5L«JI 4-iL»c (jjivLjJI I i j « JJJ (jOjta^jj I j^-m I i-dLiji (jLa La^a^. 

_4XJ di I j ii -r aj cLuIJl^. iIjLjjSLa CjI "i j i" i n a Lj^>L>JI cU>- ^jj 

(^jJI _ LaLaj jjLa^u V ^1 _ Qf\ir~i V* 11 a jlo r t_jl_4Jl (_j-l^- ' (_y^>- ia j i .iLLa 
Sj_iiLia gjjj j<u 1 1 <j jlc ,Jj ir-i -»J1 <_j_a£.jj,l a jj ir-ntl Lj^LiJI ,j-a (j^-»- 0 £jj 

a_L^mi a_jii.ijj| 3jLi)/i 1 4 u? cr 1 ! '<J^ i>° <j ■»! j-* 1 j^l c^ 1 

.jii uji E tL« 




a^ckaJI'ft. il^ll 



l_ysju (J^ti J I 1 allu t_il uaJ.1 jJU ( _ ;r 3 Sj_ZuLj^o j<u ij-jL»HJI cX I 

(jjSj jl_jJU OJUfc itUjJl—a 4_ul_<-a_L$ jlj_a I j ajj (j^o jj-lj L&jjJlJ ioLj!>L>. 

(Jj>o j<u i4 m-flj tbLi^^M jl i aJjJI 4j *j^>JI Lj^L>- 1_oLxj jjLa-u 

i^yi i_jL_JT <__<Jc^>. I u -w (J_«_jlj tiUju ^^-ikj .«Jlij^-ij I i aj ^-^jj 

giU 21$ gtUf ^ <M'^Jt LjtUJf Jtfuf 

^yic I (j i h t i J i <i ri_i (j^j^vLjJI ja»i (jl Jl_u <4_i_j-ua-«JI (jlalj^o^l (j-a j_j-ii£L!l 

:Neural precursor cells 2lJjV(2l_4^J( biGji -\ 

Lj>L>JI £^1> 2^jU»JI <dl i^ukUI J*l£ Lkjju o^SLJ 

Pluripotent (ljIjJ— allS^-^lj )a iiiiyia j cj> -^tl biL^iJl -Y 

:Embryonic stem cells 

SjJLflJI L&JJ-J Lj^Ls- (jrAS '(jr^?^' (^oLjuJI 4-tLa-C {jja !j^>- J^-y* cJsj ( _ ;r 3 

Rothstein. j Y- -\ ^L^J! ^1 -, uujjj D. A <Kerr (jUL^JI 
l 4Lkj^o tyJI i^-sf U-a iAmyotrophic Lateral Sclerosis 3 m «*» «tl 

3jJl3 (jSj joJ L^j! (j^o (jric-J i2^j^>JI SjLtlj-ul ^,1^. jLill Ijuk SjJlS (j-Aj 



, _a Motor 

Ijljjj .3^j_^>JI joSL*_lIlj Sj Uj mil L&jjju 5Jjj i .i U i~,t 11 ,Jj_>JI 

JjjLji/ i ajt u» j jL-^i-! 4_LaL>JI ^ aJa-UI i " 'N tax J I uu (_p3jJU 
Jju ^aj (Ja *U ^3 JljJljj/ ■ • > a Cjji^tj (_pajJU ^Jl^j t4_LiL>J1 (_L*vj^M 



?S*df ^ i.,...,..aJI ^i*Jt UaJt tUklf ft^l — ^ 

^indbis virus JlL-u c^l>i^ 3Umljj jfe ^ ALS 3 M^tH d-jj^l SjJaLa 

4_u_«^o CIiLj/LlS lj-aJLsr~i i .il l_a^ i2-3jj_«i,l «Lualj-cb (_p3jj,l jj flU j^a IjJl^Gj 
IjjLaLL-ul La£ .3J uaU cIjM i>i <lt Sjj-UI <-jl r^U ^j-gSUI ilal uuJI JjjLjtiJ 

.a^JbJi louji ^y^jii j-a^W ! jtp-^ 

Embryonic germ S-u-j-L^JI 2_yaj!i j^>JI L}LiJI jrdj*.LJI jjj-a ^j^itl^J 
joJL«JI J_l3 (j-a (jLjijl jry-». jj-o i JjJs (j^s Lulc < LgJj_c l5>^- cr^' cells 

i V i h t 4_LLajt_4 o i )1 a tt_ < t uLca Cm m i u a ^£ L^jljIsj t ^ j 'j ■ uax 

L&i f \ in-vVl ojufc iEmbryoid bodies SivVLi a^jA Lal m»! ^ o , „"i Sjjli. 
5>*L*JI .LSj^. ajjiiil jl j^JI J^>JL. i^^l ^ L>UJI 

(jjs Mj - ^ ^-*iS .(J-UJJJlJujJI (J "JJJ flj LjjjLuoI £L5CJJ_1 Lu i ii \ 

ljL>ul (jjtj Jju La-a !2^j^>JI (jlr Ij^La 4jI uaJ,l (jl^J UI (j-a JjJljlII jL^ j j uij 
i»l i n «") «L-vj-C C-Jlj Lj^ Lj^>L>JI L^JJtLj (ji>>J jsJ ^pJI ij\jUsi\ Lal 1 1 Jl£.Ijj I 0(ja 
.SLiJtil 4jkjl£j S^j»JI Sjj>-Lc i5Jjl mi a SJjiLa *— lili 

1 5 j j ir-ntl 4j£.jL>JI 2_lL>JI Jjls (jjs ojita La (jl j-ii^l jjivLiJI j^Lu (.^SLIj 

Cj\ a < .iljJl IjJL*_i i d j j -r »11 4_lj>. jJ j j j 11 d < j xLaJ I cLa.il ir-i a 

JSLi Ij i^ Tia LaiT t 5jj mi Jl a j j i^ »tl L>UJLi a_^LiJI 3j j i^ »11 

,,jj>JI cbl jo^J jrUJ <_jjSL<j/j|j£LJ,l C-4J»U LOL>J! 




L}L>JI i'jjt, L^j c. U r j^iJI 2-jJVl «j-* La l>a>jtj j«J cLaJj<JI (j! j_u 
^1 i_jju>.Lk <_jI uaJLl jLalJ .1. 11 (_Lv=JI J_jj>. 2ja2^>J.I L}L>JI q} Lal _ 

.tLoJLJI L^LiJI (_U-e-o OiL>.J t_ll uaJ, I J-Sa^U 
'"'lj fl — a t_)l i a 1 1 jl— ill 4jj 2 —11 L^>L>JI ojuk q\ jl _ 

i LkJL3j_a qm LkLu Ojjljj 1 j" i fl i4j| uaJU L^L>JI i_ylc C-J-auC ^Lm-S llj 
^1 (JliuLcj OjLuIj <Jl)j i >i a. La iJjjIj-C (j-o L$J Laus < " * 1 a 1 -cj j *". i>i^"i'iLa 

.CjuL^ LaS" SlaLc <iu£j^v 2jj i^f L^Liti" (jJj^l L^Jj-u-u 



^ulc 4_2-j-j U* (jjjbvLJl La Ijuk . lil» j uol VJ (_dj_g-Li dJLv La 

jluj->JI ^paljual L^a j i£^L«Jl Lka^ajir" i .n ^ <iuX.jj>JI <Lil><JI 

tjr&J 'U 3ju_auJj <Li cL^sLi. cLJl jj,l J-»-_aJ 'rP* 'O.' 1 13 * ^ 

I g aljJr". .„I ^ Vju 2_j_cjlj>JI S-jiiJLa <Repair Mechanisms ^^Ll^VI 

^jLir" i .") LujjLa i Ljia i_aJLJl JjeuJ J^LvVl jl Sujii flJU L^L>J1 <_^aja_*l! 
Ijuk i_jJ_j*j jLsj . Lupl j ,j--a (JiiJI ^_Lua-J J J a «J i<iVl i_jL_lIT J t >■ 

^^>Lu-oL j»J-2j ( _>iaJj_aiJ 4_uC.ju>JI L5^-><JI (J— «-50 duj_«_a Sjaui »1 Ur I (JJj-k 

.( ,M )LuliJJL4JI 

Y - • • ^LJI u& u ~i -r j 11 £t_2jj_3j J. Fallon (jaJLa !_yut^>. (jSUj Ju3j 

(TGF- Alfa)j! I d tl . Jj -»,tl _o_a-JI Jual—C ^ua uJ (jrUJJ-J >it 2 luIjJ 

5j£Ldl (_L>.I jJll j-U Lu/Lu/f Ju>.jj (^jJI iTransforming growth factor alfa 

^p\-L*3^\ '"'l jl i c CjLJT ' 1-^J '"■ '"' 4u_o_iiij (j^jajj J-Aj t(j\jL>J\ ^^Lu ,j-a lju>- 
. jJI ... jj,lj JlLjJIj Ju£LIL^ - 1 uac Vl (jjs JjJjlII ^ Sjj»jJLI ^IjJI 

jLa j-a jjic TGF- alfa (j^jj^Jl Ijuk >jjIj Ijjj (j! «Llj^-aj j^ILa jIj! 
^■M-^yi jL^v o' 'j^p-j- 3 Degenerative LJ>L=tjl lin^r Lcij^a (^jLaj 

(_p3j_a (Ju_a icLjJ^LajVI d _i j i 1 1 1 (jlalj^aVI £^a ^ i j i_) Laii J-«-»j V ^1 jJI 

Ijuk IjUr l La-c uv . (o-^jSLI iTGF- alfa lyd^j^ <_jL_uc. 2JLs~ 6j 1 " 'j W 

jjl J_u . juislj J*V UU (J-«-*J ^^L^VI ulil jl of C<- U u > . Sj_ui? CjLauLi (j-Uj|JuJI 

3 n ua »11 2_iuc:jLj>JI L>L>JI Jjljv ^jli„ jLa jus TGF-alfa jrGjij-j t>2j>- 



j»Lf SjljJ p ■ *2 ~j J^jG Subventricular zone jrUaJI La 2 2 La U ^ 

i n I* L4] CjJls. jjlj^S (j-ujj-jJI Ijuk IjJlSj. (j-la- (" <3 ' ri"i-c3 j<u 

a-jt-Oj Nigro striated neurons 2 UU^l l ^bj^l cjUj ■ ua «'l Lj>Li- ^ 
^ydroKydopamine -1 /\ jrysLijj ^ ,,i<jjj>-ut _ 1 ^ ^ , m' 3jUj l<j« <i mi" t 

(j-s^ a d i lmj 1 s Cjlj * )jL»__jJ1 CjIjIj j > ;t_j t_uj Cr^J 

4—i-C. J-j>JI LOLiJI (jl i(j-2^>J! (jjs j* - ^'J^ ■- L - J H 1 OjJl— ^ ^-^J 'OJ 1 " 'J W 

(j^-oLljjJI jj— 4_U J J I r-l r Ij^L»- (j-!' I". Ir-I Ir-I "CJ (j i Lj^— >J I OJl-lfc Oli-jJ Lfl 

S j. j a j 3 jjU jLill 3 -^ri-^)'' jjLuJI c^iL£ .Dopamine neurons 



SjLcIj 2-il uaJU j! 2_iJLlJ| 2jr , ^M-c ^ a_;-c.jLj>JI L>LiJI ^IjLit^V 

^ 2_il uaJLl Lj}LJJI (j^o Ijuk (j! I i< ,5 ,^ ,^ ^-,11 3 j , ,^ «tl L}|_JJI 
U u£Lc I Jlj^j . (j-o iU<i '"I Jljs.|j *j-^>- L)J 1 " ' J W (jt^J-^ 3 
a_i_Lxa-«JI Lj>L>JI ajJjLjtJ ti^jv - w ; ua «Jl jl_^=JI ^ i^j^s-l tljLiL^jl 
J j ->JI cHjLjI i^sl ^ N 5 -i 'a .a^l i^jVI j^Ij_-o ^ >_ . « i^i "tl J t ajl 

jjuiJiJ dilij t Sjijj^^o »1 ^ uJI a i t 'i "i Spinal cord injury .1, 1 1 

jJt _ (jLS-ayi jjl^ _ (j^l cdj(_3 cLcJjiJI Jjl-^tJ <^jJI_3 iSjijJ^a^oj a_uj^>- 
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La <j-<-u ^ jjfl IMI ^ tU^lj-c! Ijljj ^MjsJVI u ji^-i <tl (_p=jJ.I I j-$3 
• _i « i aj t_ll uaJ, I JU ( _ ;r 3 4-JuL*jjL (jlslj^^l oJUk Jjl IJljJ "-^p- ' " < >JI 



^^yiil J-<l^fc_a ♦ mi ^Lj_a (J-J-^fc-JJ (jl tiUa . oj~3e-C j ^ d * U3 <i1j-^>- I j ( uLa ♦ mi 
4j_o^ SjjL 3j^j_a (jJfcj d o uai» ^1 olj-<-uJ (_L-"JJ Jl^>JLI j»Ll ^^3 q\£ mJjJ! (_g!>L£ 
l_£J ^jt-Ti i n_i V duL i2J3JlJ Lg-SJ-ifc jjjfc jjfc i_3j_ju i»l j o r 

Li>. LgjL£j icGjLljj/ <_jL _aitj ^LliLaj L* Jua j I (_gLiJI ,j^a JJ « '^ i-dl i n al 

■jljjJS (_p=>il j» J £-aj dUi J «_i jtu .cJLcjl Cile l^lj i G Ci \~ - lil 

4jj < 1^1 L^a j i ^ ^.j 1 1 (j "i^j^a- 4jj < ir-> ^1 (.gjjj Lx-a i4j^1-u3 i_aljJa^l 
. SjjIjVI <J^I£"j^>JL SjjLil (^3 4joJ>j^jj i^yAU <LW : 
4_jJj j ua «11 L^LiJI <Jl!j_a ^1 QJ ' " 'J^jL (J^J -0 QJ i r~> i ^ t "i t, 1 Ij-C jJso 

Substantia nigra & striatumLuk jJ.1 ^ 6^b-^ c^lNeurons 

i_kjUij j<uklj .^LUl *j^><Jl u& 4-Uj j ir-i <tl Lj^LiJI C*J^>- ijj^' 
S^jv ^ joSLajj (^lll <J^>I i^<ll SjjLjJ,! <-jI i^if ^/1 'M-s-C (jr* Oj- 4 

^yic Sj U j i .i II (jlj^La ^1 i^jjj i^Li j j jJI Li>Li. oLa IjJ . jl^»JI 

^^js. d_3jj_«^o j-ji-C <Luj j ik-i «Jl Lj^LiJI Csj^a <— il i m l (jSLI . j j i n m^ jIj 
.jUmVl ojbk 4jL^ O^j j^S J^Vl (^^k: . JjJjeiJLi 

<M'ittJt LjUaJb d^MM^ jb gUc $jb 

.1 t" i iiV (2y U _ j j y _ i J 
4_lL>JI (Jj i r-i ->J I JlJljj 'OJ < " 'J^jW O^J -0 *JLv J*^ 

Lj^>L>JI ojufc 4j>.jj (jl Lol ^^^a i j j" -^J.1 SjjLo-ill j-^j 2_jjj/LiI,l 2_i£.jL>JI 

SjU 2^*JiiI,lj I <_jjjc.jJ,I tijljj j [.-i < II lj!>Lk ^1 jj'— 

Trophic faetors Sj_i^J.lj 2_jj-UI S_^LiJI J^IjjJI jj-a>u liilij l( jryiLijjJI 
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Q3 ' " 'J^J^J O^J -0 ^La- (jr^J • L*J^«jJ '-. ' 1 iiLUl 1 U ( iijJI j_L3jj tiJJ JlSj ij_jl_«-iLI 

^3 ic, j ;~ 1 11 U J-aL^ j^c J*v i~i_i jjLjJu cU£. jl>JI L^>L>JI J-*-?^ o' L r c: *^ 

_ Lj^>Lie_LI d j S j S >JI 4-1xjJLj SjJjULo _ dli.1.5 J a 'C" 1 n"it (_>iajjj,l j^o ^1 (Jjj-ij 
jl L^alj »^j^ol_ijjJ1 jj-ij d j 'j ■ tax Li^Li. ^^yJ! ^LjJI L&j-iLajj 

j-a ^ S j^iLuo _ 3 ua-uaidlj ju>JI Lj>L>JI alub _ Implantation 

I L^j C^.jj 3jjJu>JI d 'j j j t Li jjLjJ L#l» JeJ La i^-iJe 1 a II (jlSUI (_^3a (_)iaJjJU 

(j-aj iJliljLjful jj- 0 ^jjt < S" . .. * L>j .S" , ^j^jj^Iuj Lva * ij-iUjjj (jai^Li Lva (J^LLS 

i3Jl_jJl^>JI 4_Ij._JI (J_ &\ d ui j C (jji -UU I j >« Jej I «js 1 L&j_lCJ 4_uLl«_i£ j_a 

ja^JTLa jiJjLi^. j 1 1-1") joj i Lgjajjejj ^ <j ; **•" 3 'pfl/'Ljo (jl VI dilaj 54-3 
.(j^aLlJjil Sjj_il,l Lij j 1 <-< t II Lj^Li- ^1 jjLajJ tll7l %c \ jlSj^J '«(jr"' 
(j-CLs-LJI (JLl (j^cJ J i i"i_i La jjb cU-u/LUI cU£.JL>JI cULiJI J J ' a -»J I (jl 

d 1 1, aj ^jiajjj,! Lj^L>. (jLa (J^a (j^a Ljj^i L»£j ij<ufcjL$j (ji^jj f > $\^ j g . . i j ^g 
(jjjtiLlj (j-iibvLJI (j I Jl_u . 2x.LUI j-^j 2x.LUI J^LA* <_ J . < - lU <LLu-"j jrP* 

(j-a (jSj j«J tjj) J '«"'J La ^ <jj t-i< "i ^pJI £U£.jL>JI LOLiJI J-Ua3 1 ^1 

: LOljJI OJUfc dJilalj t d 1 nii'i ^jisJjJU Lj1>L>. 

:Adult neural stem ccllsa^^ia_u^a*Jia_Lc.a^Ji biGJl -\ 

Jl»-j ^pJI .(jlj-pJI j! (jLujVI ,j^a Sio^-Ul SJlILJI S-uj^jlII Lj>UJI ,_yJtj 

L^jf _ Ijl^j L; j_JI Sjt^Lv L-iaj - B.A. Weiss S <Reynolds jjJ_oJjjj 

I I ^ j a: a^j j-_j_j_i_jJ jJ^-jCLII ^jjJ (j-a Lj * rt 3^>.jJL1 Sg LdSLll * ^ i "1 -»JL 1 ^£ ^o-«i_lj V 
jj^a 5^ 'C 1 U (JjvljJU ^£ C^jL^ La-L cv I j 1 d * d i uiJ Sjji 1^ d jl^. Ji^aj (j^>* 
I j aLl^J diljj_4^>>j (:lj^>.Li 5L>.j3 liUj iijjtj (_^SL!j . ( _ ;r LLj>JI ^^LuJI 

j U ( _ ;r Luj>JI ^^LuJI (_L-vlj_a f_y£ VI (_L«_«_j V Lijji-a LLj>. LaLiJsLa i^^lj^JI 

A ) ' U -^' a (jljiLlJjJI jj-flJ d j ij , , ^.t- Lj^Li- (^l L^Jjojo La^JiSLal ^LjJLij 

:Embryonic stem cell SL jjtoJlSL AJLaJl biGJl - Y 

(«u .JLel\ 2_u>iL! d_LU.IjJI dj^iiJI d±£JI Lj>Ui- ,>a ^j^f ^1 j 
L04— ><JI 1*1 U<* I - d j 1 iiLLa d_L_«_a OtJ>u - j j "1 AJ, I C,~ y' ml 

jjl «_il! (_^-Lt- L^JjJ_flj d ii "1 t a (jjSu j—ili^v t d_ i _L i l > J I d_j_c j^>JI 

<jiiLij j ii-i <tl Lj^L>- UtLi I fliaj M>A>^' Lj5^-><-!l ^j-j ^l (jr-i 1 1-1 Vitlj 
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Cj^>LjSj jJjjeJo jJa jl i 4_j alax jl 2_jJ_j^ Lj^>L>. JlLa i3j^>.jJU 4_i_j-u<ajJ I 

Thomas Okarma Laj^jl ^La^ j^i^jdl <jSJ JTeratomas JiLa 2-uLU 

^j_a 1 ^aJiSLo-i ge 1 1 1 cL_Sjj-3j 4j1 i4j^_lj>J1 Lj^>- j -l ^T l U (JJ)j»_jj>. «L^j-jIo 

jj-a icLjjc-uaLi Lj5L>. ^1 4jj ju-J I d_u-il>Jl «_^CJL>J1 Lj^L><JI < *-i J *'_P 

j<u t j j " ->JL1 f_j£ dllij nj-usLijjJl jj flj 3 jjj j_ua «H Lj^L><-!I ' * 1 1* I j 'j; 
Ijt^^Vj iParkinson's disease 6j <•> h^jL» ^ >xj ua a jLa ^ bk>^jj 

:Umbilical cord stem cells <^ > oJi j^i^j^a^Jiaji biGji.r 

H_gjjjJI ,J_^>J1 Sj^j_i Jl>.jjj i^jJJ SjjSLa cLiJLi cL^cjL>- Lj^Li- i^-^J 

( m ) 5 • - 5 

.Human stem cell of bone marrow j»Ua»Jl ^aj^aJia^iatf l L£t»tfl - i 

.(dJi. L_kJh o _ ^ ) HSCs fjll 4Llil,| a^o^JI LMkJI _ 
.Stromal stem cell a_;£.ju>JI Lajj~,,M Lj>UJI _ 

4-uLlL1I cLaLiaJI cba- 1 u i^Mj LiaJL! I j -> I fc> « 1 1 cL^oSHI Laj^"' mil Lj!VL>. _ 

. Mesenchymal stem cells a^j^l JL-jSLjj-dl /\ a_<^*lJl Lj^U- _ 
.Precursor endothelial cells Sjj^jJI «j^jVI jJl^J i;U,[\ L}LiJI . 

.Precursor blood cells 2-JjVl ^jJ\ LjMi. _ 

d j j iK-i r Lj^Us. ^1 I o (j ia (Jjj_>u (jSLaj litjL^v i<l j r ji_>Jl I ajj "i i n 11 

Lj^>Us~ Jjj—so ,j-a (j^-^L-p' d>SLaj I o $ .(j^aLijjJl jlij 4_ua— ua^eJi— a 

_(ni-nr) ^ w ^ r ajLlLJI 3^j^>Jl JU^j^l j! S^^JI 

:FetaI brain tissue Transplants ^ui^l jtlSL^i bU»- -o 

^ <_il 1^1 <- Vlj j_t,l ^xlj^>. j»L^ jr^>- <^A« |»L(J1 ^ 3 ,n 7i\\ Ij^jj 
S_^jlUI Chromaffin jrtal—ajij^LIl L>Li- Jil! j£Li i„<U 
a_ilaiil ^Jl 6j i» m^jLi (.^jjJ, Adrenal gland djjJiSLJl SjJLll ^ jryiLijjLJJ 




sLvLiil cJi\£j flj (_>i>j>J,l j-o ^ Nigra- striatal area *bj^aJI 

(jl i. ' il i ^oJ ' k j , t ^ , ,i -»u JJt^-uu^ t«L*_ua1 jJLa ^jLjJJI Cj*:L>. 1 S 3 1 lL1_lj_u£LX 1 
SSL^la tLvtj^v Lgji dlli ^1 r jj .«LcljjJlj Jiill (j_a j»Lc Jljlj w a ~ — I 

i ^c_X 1 A-il£LI1 JLijC. L«-ikJL>.| (jjj-tlaa» (j-ul£Lo (jr 3 flj O-iLb 

^-^*-jjJ,I 4— uj j ir-i <ll Lj^LiJI I^iua -fcJ (j I (jjj_i.T (j^H^s-Li jljl ,JjJ3 (j^aj 

Lars (j-LoJjl jj-ujV (j^-Jj iii3.Li J^j (j-o- . jJ,l SjS-»JI LgjlSLa ^ (j-t-aLijjLL! 

ojjlLus <L»jjij| t(jJj mhII jj-aJt (jjo dilj ij «j . .i II SjIjJ ^^ILajJI <L2j^3j Olseil 
(jja (j-LabjJil! ajj^il diljj j ir-nll Li^Ls- Lgj (g i^iill jl j^JLll oJUjS-o J-J-^- 

Lj>L>JI DjLji (jf IjJl».j^ ijJb j^.T jLa tjyl 2_psLaVl 3j^*^»JI ^jJI jLa jj-c». j-* 

^Jc 1 ^£LJ iCjI j-u-o j mi r ljr i\ jj>. Jlju Ojj-j>-I 1 ^ "i n'i 2jj^*JjJI j .jj-L^LijjLLI <L*_Ho 
^JJ «j . --vtl <1_l>.^LI . .i 1^1 lLHj I^12j (j-L>- 'L)J 1 " 'J^J^ 1 (J^J—*^ 2jL»-aJ,l 3jj_ill 

i^jJI j-a^l u~ni jJa (_>a>LI (_)l=lj-c.l (jl I jjLj».j_a L^Lie-^l ^ 3jL^jJ,I jlaUU 

V LjjLl!».! (j^i ^-vl jji>- j-a ^ IjjtLs-La 1 jJ^j-l (j^ib-Ll (Jj-C-I 

4 'T i"i a JjLi! (.^J-C I J I ' <~< 'r 3 'L)J 1 "'J ^J^ 1 C^J-^ Cr 3 *— ^-jjj Jrh 1 ^- 0 ' ^ C"'! 

(^"^) (jj 1 11 n^jlj Jia jjk— (J^J^ 0 ^^-^ ^ (J-°W ^ £ *-^i^ 3 J 

:Brain neural cells of fetal pigjj>oJl2ii>.i^4 ^"k^u^. - 1 

djji^»!! L>U»JI ((jLLjSLj^oVl Diacrine ,jjl j^Ljj ^j-^-j Genzyme j<ulj_LL>. 

jojLj iJaj^tLo jjjjij»^) ^(j jlr j-^IaJ («J - ja^J *Lvlj^>JI «Ij-^-J lj-^-" 

(j£. jrt^>-l-^JI ol- 3 ' ^J-t!-^ J ^-t!- c -'- jl ^' L_j>Lj— !l qm ^IjjVl ojuk 

illJj (j-o i^l ja^J j (i "1 1 m_i ^oJ 11J J 1 m m 'C jl-i (_p3j_a (j^s j^vLlII »1 ri i'ill 

j' 

Lj>Ls- (jV dilij ijrysLijjJI jj-ij 1 1^1 f Lj5L>- 0 U<") (j! o^Uj Lj>L>JI 
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L&j-jLaj j I Lga- J-i^aj j» J-tS" i jJU Jl>. jj (_yjJ! J I 4_lL^3^M 4 j 'j j ua «J I LOljJI 
. I jtSL&j . . . djj 1 Lgj£ LoS" diaJ j I i ^>LiLo La Li I I (j i r~> i n -cj j 

lCr Sj^)/l d_aLtJI 4jcuaJI J-^jlaj iRoil McKay ^L^La jjj j>£jJI 6^ 

j\jLa_I) jl_ il! d_iiu_>JI d j r J_>J1 LjN— >JI J-«-^>- (j-a OJ J_cL^aj 
j-oJu cL_t-aL>J1 (_3j)jJaJ1 jj-a j ^ O"*-** '-^-^J ((j'^'-J-^ jj-^ cLa- <^->1j d j 'j 
3 j « j i U 11 i^jjJaJl diljb |jj S a ^-ui^Jl ^LDJI ^ Lj>LiJl 

(j! jJiljJlj .(jJjVl d^lji^Jl L^sLo. Sjj^Li J°> ^Laj ^Lj! Lj}UJI dilb aUj^J.1 

d j < j j U 1 1 I "i 'h ; La-£ ( _ ;r Li_>JI jj j d jlo r - j i' ->J, 1 _ i U j i >i MjLCa 
l3^->J! IJlX.j i LaLaj d_t£. j_j_k_jj (J-«-»J (j-LjJI I JUfc aj_J1_3 t d j <i j S ->J1 LgjLsjIj 
Lj^LjtJ i-dl i n a^M ( _ ; ^-& d 1 1 r~> ->J. 1 j itfjjl ( _ T it-aj cULila Ck i nlUj J-c-tJ V d i nrVi 

I (j o (j 3 J I <j olr (j-a d_j_«_3j d_aj_Ia_La Lgjl i(j-<-aLlJjJI ^ "i i") t _ JT I< II <— i Llj i t n 1 1 1 

3j_l^S" j| Jl£. I J ir-i->.j j_iIL>J,l MjLCx LifcLaj j<u . s-LifuJ La L^jj I (j ia j_L^3 

cLLai MjjJ! 'QJ 1 " ' J^J^ 1 (_P 3 >' 0 J^-^- j' ' * **""' Ur^ Lg-^aJ-sr" i .il j<u i Lg-La 

Myelin^^jJI <_a>LiJI \jtjJa jj 3 ; ,^ .n L>LitJJ Axons djjj^>JLI 
. Lj>LiJI jru 3j j ,^»11 ajL-ujJI Jij d_W. ^ jjJj La-a iUj->J,I sheath 

2_ajJ c Lj» kJI 2 U i „Ij-i jj <Lj (^-Lj^jlJI <_3>l «Jl Ij^kj 

Lj^Li. d U i "'j 'j ^j-SjJ.1 uJ ua »tl jU-j>Jl ^ Oligodendrocytes jjIj>I! 
jjV j>a J^(j^>. diljJ .^jJaJI (j j ua »tl jL^>JI ^ Schwann cells o'>^ 
Y - • \ ^ ojM—ajj G. iRaisman (jl_aj_jjj <Y« • • ^Lj-II ^ S <Liu 

pjl ,.i jLU j-^>- LOLi- ^ SjjL«Jiil Oligodendrocytes L?}Li. 

cUiikjJI d ii j U 1 1 (j-a (^jjSJI (JjjJ! mJj-hHj <— il ik-i a j^T jL3 I (j t^jt-itLi 
«JlilJiJ L^jlj ojuk JajjtLa (j i ii -«o CjjJ^s- IjJljxj_3 icU d Uj ->J,1 




(j^L>.LjJI (jl VI < JjJlj^o J*C uu (jL£ (jlj ''^-'^ *J-° 4-i-flL>JI l-g-oljL3l j* J-ir" 1 n" 

Y- - o ^1 ^j.^") L}UJI tfjuk L^oA^c ^1 3_J^I LaU: Ij-^jjlj^ 
cj^jjj (j! <jj>&1 V j 'l - t < LajjLC ^ The Week £jj < ,^1 21^o tu><ij 

yu^ (jL^, ^ c >-2j>^J Robert Hoffman (jUi^fc 

. i U S 'a jj j ,". tLtjji JUu j j m 11 j 2_£j^>JI S_a I «" < nl jL-^II 3j jJLa ^1 (_£-5l 

Lj^^ykj lur ukjJI <_3>LiJI Lj}L>. r, Ur ! I uajf I (j?<t '2_uj i ir-i r L^La- (^l 

(^aj . jJ,Li 2 jj <tl i_aLjjVl J i ~ LgJ>L>. jj^o LOLjJI (j-a 2 n,U <-a>j<j 

(Jj i r\ ->J 1 (j^o Y • • 0 j»L«JI (j-o j j o 'a^j (jSL«j li^jv iSj-^iiJ,! cUjU>o (jLj^jj* 
Hair S j » u. 11 <_il j^>J 2JLJLJ1 2_j^i j^>Jl 2_AiJl ,j^ 2_^j , ,^ r L?}Li. 

Lo ifollicle stem cells 

2Uj^J,l 2-^LijJI LOliJI ^l^i! ojv! tSchwann cells (jl><i, L>Lk ^JLc 

us\ (jl£La| ^LLft a t(j\^—uj Li^LitJ ' 1 1 * 11 jj ge rt ^LijJ .< " xl\ jj 3e i ) 

ojbfc lj-Cjj ij^ 5 * J* flJlj (<u La Ijukj . 2_aJLl!l 2 j "aj U 1 1 , .1 , VI i^jljJLlIl 

il i21ik j^o 2^_p_Lll oJLSj 1 1 'i i. (11 <_i c ^ I alj (^jl-jLj jLa ^ Lj>L>J1 

^ mi t, 1 jjjJlc 3 j jJil 1 (j t j LiU 1 1^**' I 1 

1 ''J^''^ (JLi 4jjJ 2^j^>Jl Sjijjlj Lo Lcjj \j uu o JJ-JJ j-^^l lijj 
Lj^flj^ieJ JJjJ - (JLrUl Jjj i n - 2jL\il <1_Lljl^o LoVl (^LtJ Jl icUaJi^ 

\j ut i a jJljj (J^ '"i t ■ flll^eJ j-fl^l (jL^ tt_Ji_Li>. w ■ ' ^ysjua m^I jl 

jJjLjjjjJI J.li 2 jU < 'g . f_y£j J j t 1 1 Sj-iIaiJlj SjjjLuiJl (JIiLjLuoVI uiiVLs^ 

Lj5Ls~ L^ojJj 2 jl o r _ (_jj_^jj,l ^ j i^ <tl jl_^_>Jl _ j_U t>-ij 4JLu 2 j j i ^ <tl 

i(jr-| lr-1 Vltl "Lfll-C. (JjJS^Vl d J J I t 1 1 Lj^LW! 1 (j-O JUJlJlII (jjS L*J_UCJ d-Uj J I r-| T 

*Lu SjLcl d jl o r (jl L»^ .(Jlij^j-aj joSL»_aj (j ri" a (Jjj/Luj 2^J (^ j j i n") (^ 
(j^o CijK I ^ "i (i j U j ^1 L^jJ^a£.j I r j^slj^j J i alu I g U Lj5L><JI tfju* 

2 <j j U 11 tjulj^ u ii*Cr jJ-jj 2jU r ,2jL«iI 2_jjlj^5 (jj^j jKj 2jU r i(_U^ 
jriil j^o _ Sl_i_>Jl I (j "i i r j («-S^eJ - j j mi l L-^j^ i((jjsjJI) 

(jl d ^-v i Ujj ^ 2 K iSJ,l 




a^ckaJI'ft. il^ll 



I Jl^s j-u^ cLLJI 

J^.V J^jlj 2_lL»JI ^ i^jZj J£ Jjljo _ diljl^ I flj o i n'i (j! jL>. (jl . *LS_±]| ^ 
^^jLj 4 hj-lLsJI (jl J_u iS1_l>JI J-±3 (jj^- 4_lL>JI w 2 jj (jl jjk ' La *' a Ju>.lj i_2Juk 
. Julj (j^oj J-l3 (j^o LlLlII 4aKJI LgJ (jaSj (j! t^?^ ' VjT L$l<-)l ^2 ^Uaj (j! VI 

(j^ts ■ 2 « . U 1 1 s t n, 1 1 ,jjVI VI La L^jJa-uJI (jl 2_LLi>JI (jSL! 

1^1 ax f^jJs LvuLvui SJl^Lila S_i£.jL>JI 2_lL>JI f. LSjJ I (^ 2 j f jJ I cLrl i .il (jjij 

(jl ^L*-cJI Ijuk (j i < « a - (^ ^*-<j JjtAJLij _ L^ii-lj 2 < jjUtl (j-tit^Js 

ul)1j-_j-a_4 Laj i (j-Oj LtialLa LjU (j^>- t Ly>. J-lj J ' II LgjLJss (^^9 (_£aj>*J d *j ■ La H 

di! j Ijj (jlj tLgjli 2 « nUIL 2 «j j U II ^ i_JJl1II <j^ £jj VI 2_uijL^JI 2_lU»JI 

(iLuJI Lal i(2jjL>. (^ jl £>^>-) J-tf-"' l— «jlj ^J-gJLa . (Jju>.| 3jj_^3 

Jl>.Ljj idJLvu (_^j^l (jjJ (j-a 2jUlLI jiita j^al _a^3 JU_aj>JI L^LiJ (jSukjJJ jolaiil 
^pL-Lii j»Lal 4 i "Jj-3 I jiSLik d i ii li 'l dJj_u (jl J m-»Jl J^j-ILaJ joJ^ . N-Jals Lj-3j 
cLii^. JjLso i I JjI 2 «jjt-itl JL j-LaieJ V JjLel3 'jW^' 

Ijuk i*l_?j d j a i ojj cLojv d jl i n 'l Li.,5 ,jSL! itULa. d j rVi V j 2_^K £_aLj_jj 
3j_LLLaj <L*j-uLi/ d 'h j II Oul^ Uj 1 1 (} i uri'l 4j_uJI (j-a *Lv J-a^/l J-^lj £^j-!l 
j-aLj_jj 4_j_CJL>JI d j L>JI <Jl!«L>. J-S-fl Ijd ■ u ua — i Vj Jljlj V £U»JjjiI diljj 

2_j£.ju?JI 2_jiiJ|j .cGlj ^j-lUI (jii<JI jL^cl j^*j>_a 2_2_l2_>J| (_pukj_a 
L>L>JI >I_Li ^jUILi *LlJI Ijuk (j^fj (jl^-J 1( :LlJLi 2^aljL^JI 2 <j jUtl ^1^. 

Cj jJI (j^j^>La (^1 ^LL»j 4-ua j j i 1^1 >j^5cu3 »H jL^>Jlj d j i ir-i «II 

4_lL>JLi (jj i ii ij'CjLi ,_p3j_a ^5Lc (jLa IjJ . La cLa-Jij lS-^^W j ' r-i _a— 1? Ij 

Spinal^j u. II (_Ly>JI t_jLL^>l ^>Lc ,j^ I J<; m! I j— al (jjSLj 2_j_c ju^JI 
L>LJ»JI ^ jj^UI (j! _ojkj l( _L^ (j_a I ;llr di! jij iCord injury 

(^^3 t. i ♦ mi**i llj i La ^paj-_a jl CjjL>. i i S C £^o_*-u t3j— ajJLI jl 4j| uaJLI 4 J < iajlH 
i^^LlII cLajjJa (^ IjJljij LjjkjjJiJ (jLuaj-ij (^jjiJI (Jj_>JI 2jLloVI j^alj^a 
iSjljjLj»-a »1 ri i'itl d J i n'l J-ILJCJ La t A t-ij i gj C. i njt d jl o r Ljjjl j Jus- (^ (_^JI 

1 1 ilfl -»J 2jc_Qj 2JLa-" t .iVI ojuk (jSL! . 2 Ij t" i ii a jJljj JjsLSLII ^!iL«JI 2 A o r j 

L^LiJI (^ 2jJJlji1JI tfjUj-3 i2_j£. j^>J| 3_JL>J1 ^aLj_jJ I i o j-a Jjjj i_aj_<j/j 

LjJ djLvail 

.(_^3jJu I (j -r aLj-l i-St i'i Lkjljujil l_LaJ 



joJLc fj^S SjbJL>. jlj_u/l uliLal i~u "i^l 'j La a ^JlJsj I ^HicJjj ij»Lj^M 

t j-a j j a '^aj YO u A a i^^>L«JI I j «t. t , „t (Jj-Ls t ^ jL - >, -'J 'W^- '^-^'-J' ^4^" 

4_*^aL>.j 4_j£&J&jL£L!1 4_*_aL>J1 ^o-uo-o* ^j^a-ija^ (j^&H^vLi (^SLaj V • * £ ^l_*J1 

. Kang Kyung-sun &yui jJK S-sL-i _ ^><-aJI J^p-JI J>«-« ^^J-^j uj>" 
(j^s Multipotent adult stem cell 2_iJL> a_.-c.jLj*. Lj^Li. Sucljj ^ I^SUl! 

d « i n" JlIo 3Jlj_l_ 5Jj I mi a ^ 1 "~^J t _t^J u -I jJj— »-! -I (Jj_»_l 

(j--». 4__i_SJla cL*_u_l!I C__L_a i^^o-uJI i_L^>-l _g-U_i_>^/ LoLc j mi f 

J5__Vl c__.j_ j-_a _ a_aj i^ a j-j-c- tv ji ^ij^Vi oli a.,^! _-ciu-.,„i 
qj* L_j>j__aj j j i .i 11 j a_j_>_! (-1— . L^jjJ-S S^l <"n ul _ L^Lvjl o^ 3 4lj___l 

( _cL_o 1 rit ( j_a 4_3j__ (jjj jj-a ^Ltc—j j<u J-2Jj . JLs-l (_gLi 4jl <" i nVl (jjj 

ajLiLJi a^-j-*.! Li>uji diii Jl a± ! __j_i a__iL_i a_u_j_»_t 

(ja_s l( _La_*JI ,Ji>-^ j|>--f 'J- 3 -' JL-- - L»J— I f- 5 O" 9 

£J-*j La _o_>j Jmmature a_>____ j S ^ j ; cJlj La _ Hoon Han _)L_ 
a_u_JI a_c.j_»_| Ijkil V- -o ^L_l ^ JjjjI U ^jbj .<--L_U 

jjLliJI tfj-^j -^'j-^' _r-^ mi'iH d j U r <_Jj a "i i .il Jl_J — 5__JI ,j-a 

,( Y ' Y ) a_^j_»JI Lj>UJI ajb_a (_3 _J ^pJI .3 a<jU 

. jj i ,i ;< i ,1^ a_<_al_-»-i Su-Chun Zhang jjlj j .„ ja-___jdl *__>. 

Lj}L>. 4^ u< JI 2_;Ij_L»JI 4_;_c.jLj>JI L>L_*_I Ja^vj 2_iSLjj_a^l tjj in_uLa 

Motor neurons 4^ ^ a Lj}__ (_JI S j^i-Vl Ja_- j<u '4-u.uac a^. jb>- 
spinal motor a_j^o-<i S-i^j^v 5 jjj j-^ax L>Li. ^Jl LajjJj UJ>^>-j '^i)- 2 
JjL-u jJI J5j ajjj ml,! LOLkJI _ ,_U2 Lulc U£ _ neuron cells 

(_yJj gSUI lLsI ui itl ,j-a ^J-(J ^jy^JI ^^J^*-^' (3i>^ (J^" tjT^J Li^*^^ C^i (J^° 

\$ i 11 C. 1 u A djUr _ ^ j 1^1 <tl jLj^>JI Lj!>L>- j<ukl (.^-Aj - 4_^jjs~ cLuj j i r~i r 

jjui j_ui j& j L«^J .tLu/ljjJlj i^i t j tl (Jjais C-i^oJ »1 a-L»JI C-caAj 1 jo^j 

j' 

SjjLja-a 4_LLJ(-a «JllLajlj d ri I" V a CjVLjv JSL!j n_jj-«-aj ( _ ;r l«_a SjU-->. JSJ 

^rj uaJJ iq\ j i nitl (j-aj Iaj-ilj ^ ri"i -ej q\ i±^j I") V ^^-S 'JJ fll^H SjijjL^e^aj 




. I JL>. j_u^l3 

tj^g-LSI ii" «j j jj^ Jjsl ja^JjJ (JL>J,I Ijuk (j-CLs-LJI (j 1.3 < jjJsjJI (jL£ Llj 




i. Ja ljr ^ JUJ >. ijJLuk i^l mi (jjj 

<_ij|jlll (jj_|_»JI »1 «ilr CjVjLa_aj i(jj_i_»JI 

(JjI JLj (jrlLc L_j ua-L« "*-L_j-ll j j i j " p ta » a 

<_j cuj I a j! j"j j j «SLlLi J i »"' d \ ■^.jJj-LSLl 

d j i—lij ill Jj^^l (jr^ ' " 'J j k' j»j_jJI (jSJ 

iLajj (jj_j_«JI ^Li^l Sjj-Ut 2_lL>JI tfj_^J 
.(jjjjs.! Sj^s L&JI j^iJI 

d J-l-iJI f» J =t— J tjiJ i flj $ i_3j «j u SLI J 

j I '^i.i^l t-J^J-C jntj ^!>Lc. f_y£ ' 



a^ckaJI'ft. iItII 




(a^jLa. L}U. «b) ciliary body ^jl^JI 



i^ ill i . 1 1^» !l 



,Neural tube 3 j j .^ntl 3_ij_LjVl j^-»-" 3 j< j u. t ^ ^L^Vl 

L^l i. ^tn" (jr^' 'iUj 'l—; "^ 'l— J-ljl Lj^I i. (j-a (^Lj _ «1 ik^i t^i V " a 

Neural/ glial stem cella_LS_uL!l a_L^ju>Jlj 3 ,^,\\ 2_uiji^J1 LM^JI 



AynnaJI jjajJIjgj 6 ^ laJLm I g 'k 1 1 r \ ■> II 'k 1 1 1 t 1 1 



3 ,1, 11 Lj^LJJL, ^j_^tj L}L^ ^Li^ (jt «a j< < m £. 



^ 3_tii- (_aVT 3 j m, f L&jjLc jJLj ^,111 _ Retinal stem cells a_j_c ju>JI 

, L^J ' fljj lijjJL^. CjVL^>- ^jjZ d ua-ua-SeJLa L^Laj 4 j'*» J H - dr^-C 

Retinal3 j<j m, I I w » j uaJI ^jL-giaJI g-j mlll ,j_a ua a o>^ii 

Muller glial cells a_LSjjdl jV^a ^ j! pigmented epithelium 

^ a j j , ^ .11 a_L^.j_>JI L^LiJI -Sj-^-j (jlc <_LJ-5 tiJLui (jjuJ 4_i! J I Sjj 

SjjlSJI LjjjJ (jauJ j-JLjJI (jr-i-V mi 1 1 ^ 3 j< j miII (j? JjJ^-j idry«JLjJI a^j^i 

iL-JLLaJI JLlc (3^Jj Lkjj^>-j (j <i «-jJI <1>^ * ^ d ' * 1 ^"j L* ^ 

4 jSu mi II Lj^Li- (j-a j! i<l^ i mi 1 1 (_gjL^JaJI g j i n-iJI Lj^Li- (j-a (^Lj i^m a- 

LSLJ j^j a^L». ^ dnio-Li tS-Jy! c^-J V • • • j»L«JI .( Y-i ) a_Lajj j-^JI 

j? 

^ Neural progenitors A^uajij^. a_u L}L>. »r. A m,"<I a^j^aVl 

4_j_cju>JI 4_jJL>JI L^a^i. (j^iAj i-LL1 T l<u iCjL_uJL-jJI 4_c»-I c) j 'C j "i 

3 j t j i^itl a_uJl_^JI ^1 mi -vVl ^ _ ljUJL^»o _ LkjJLj>-j J_3j .j._jJLjJ,l 

LM-i- (jJ! JjLoJD j-jJ^kil ^ Lgjf L«_£ Pigmented ciliary bodies 

«i -v. ^ La »" L^jI IjJU>.j L*llj ,j-a jUjiVIj .4_l5jJl1I L^ijJlj CjI 'j j ■ a «Jl 
4_t^JL>JI p i ii ->JI Lj^Ls. 3 J j i n (j-aj • ^ ^ jj2L>J,I d j mi 1 1 L^Li. 

a j'-j j , ^ .tl L^LiJI (^JLc (jj-l^L (J^ua-j. ia_tij_L>JI a j_c j >J| a_|L>JI 

ajjj_^_a CjLLlj*. (^IjjJI L^j5c_aLjj_! ( _ ;r 3 ( _ ;r J-llj i4_jjj^l j\ 4_j_ajjj^>JI 
^JJ d j*C j "i tl Lj^Li. j\jL<jjj ( _ ; ^al_ij 4_jJLa_»j 4_i^aLi. 4-j_a_LLa_u J^lj^. ^LjjI 

iPhotoreceptors »j iiaU 3lj 2^ ,„U LMiJI JiLa LM^. 

l^uji (jJ! l^jj^ij a^ijji a_L^ju>ji Lj^uji ^v* ijj .a f : ,~,a\ l>u- 

t 3 i^i i^i V* 1,1 a j i^itl L^L>J IjLl^a ljj_^a_a ia_jjj^l a_uj_j ttl 

Retinala j< , ^Jb a_J>LjtjVI (_p=l j_af ^ I $ A\ g-l ~ ^pJlj 
a j, r jl^>JI L>LiJI t l uajf Lg-Laj ( Y * V J Y *" V ) degenerative 

^,1^-^! 4_3jj_3j Meyer J. S ^1 j-jLa ,„1 < jl^J a^Jul^JI 
jjtj iHereditary retinal degeneration ^1 jjJI 3 J>Laij| ^ j.^ 

t_>^j_a I j j (^jlsj-a J-Aj i (jr^-V mi V 0 • • jji-J (j -3 I I J I '.'J 1 a J 

ljj_a 4_j_j_^a_»JI d j'C j mi II Lj^Li- Cjj_a L^la i ( __ > l3lj_a| 




slj^>. £ya Aj^jIj Cj La-C LUa^j i A & t Cu 1 1 4jj_aJlJI SjjjJI ( _ ;r 3 jj^-a_iJa Lg-Laj 
j Lj^Li. (_yJJ 2jJLi-c>JI 2_LC.ju>JI L^LiJI CaJ*^>. <-'-!■"*- .lillj 

Lg-Laj ^jLa-ill 4_LaL£ Li^Li» I j i a «i ~^«Jlj 1 4_i_a^jj.-». 4_uj_i ua_c Lj^Li-j 
_ (__>iaJ^J,l jl_ aji j-A-C (Ji-I .5 (j\^>.j - 3^^-*-^' <U-aL^ j j'" Lj^Li. I ■ eaj I 

S j_Lj.^l m g U 2_^> j_3 tiJ jJl! JjLaJltl 2Ljjj^>. L}J.^>JI 2-£:ljj J ■ fljj 
4_uj_j ■ a » 1 1 "itl Lj^Li. «Jlij-jLcJ L^jI IjJLjvj _ 4j^JL>JI 4_1-)_lL! 

«LjLill I flfl a Ll^-^Lc L*H3 I 7l JL*J La i4jLuaJtl Lj^LjJI ,_>iajjjlll 

d U i .iljj c) i .i flj L ^ajX\ ^Jj-C Jl-Sj ^ A ^ 4 j uajtJ i nJLI jj_L*JI (__)l3lj_al £^t-C 

■>tfc>«tl ^ 2Luiju>. L>L=tj (j£-!j sLjjlcL^^jj Otani A 

4 K i "itl i fi l"i £^J_c j-a Y • • 0 (jjjjLa iJT ^i (j-ujj »1 «i Ir j^-«J lJlJsj 
iliilj JL*J 4j|>!I j-a j£La U_a _ jJ-tUL «jjjlaj JL3 l^jL^ _ 

2L*_miVl ^ jLSLa 6-« cr^ 3— u.iJ.->- 2_j_cjLj>. a_clj3j tiUjj 

£^-C- (j-a lj-&L<u j-ts- O^i?^^- UiiJJ-^ »1 «lir 4j j»L3 d i n A'i « ( _ ;r <fu]|j. 4-aJLill 

Y* *Y Jj>jf mt^J l5>^" lW^' 6-° W^*^ 3 j< i mi II oLLgltl 

4 jl o r ^ y "ij 4_jSLj_»Siil ( _ ;r i £j)j^>JI -53^>-J (j' j^-^LjJI j-a <S_Cj_aJc_a JL^I 

Lj^LjJI j^»-3 1 3 /> j mi 1 1 g j mi 'i <Lcj3_iil L^LiJI ^Lajulj Jj-j-s 

I jjL^ ^,111 _ Aj-ajjj^JI L>LiJI j Ocular stem cell j^jJI j^>JI 

Lkj^.jjj _ ^JLgJI (_gjL^IaJI i n itl j-aj 4 j's j ."itl (j^ I <jjlr I j 1 1 ^ 
(la^3 Cxj-a -^J sLcjjJJLI Lj^LjJI p la » " jl I_jJL>._j i jljJLU 4j I uaJL I d j'C j "itl 
Cj^jLcj JlS L^jI IjJL>.j La^ «ijl i ntl jjJ d j'C j "itl j-a 4jL^aJLI iLSlajJLI ( _ ;r 3 
d j^ j "itl j_a 5 1 1 , ^ 1 1 £( ^ U ; 1 1 Lj^4 iJ sLfljLLiA ^ ' a i a se " a Lj^l i. (^1 

Ijjj L>U»JI Lgj-3 c^.jj ^,111 <jjL>JI 4j_uJI t_jiJj UjIjj I a£Ljij .3_iii.|jL!l 

(^ (j,-i < V"tl (^1 2_Cjj_iII 2_j_a jjj^sj I J 3 j r JU>JI Lj^LiJI <_l^>-jj (^ 

OJJJU (_gjj|j tfJJ>J MjjJI jajjj^jJI (jj- " i ."i ( _ ;T lll 2_j_ljJI L^jJ ' 2-C.ljjJI 

.CjLujJI JSLJ £L>JLu3 ^aljj (J-aj»J 

Corneal S-uj^ 2_^ijLj>. LjMi- ^ jyLvLJI j^>j Y • • V ^.UJI 

^ cj j r. miIj Lj>L>JI I a'ia c^'jJ>.] t 2 i>i ^ -r a 2_uj^ j^ stem cell 

c(_j£.ju>. Lj^>Li~ j-a cLaj-aj CjI <ijU Ouj^ (j^*- 'i-usLi- <Jli I " i m i u a j p AJ, I 



L$j (jrui (^11 '"-I 2 Ja 'l tfjuk olSj joj iTotipotent stem cells i_jIjj_£JI d_Lal_? 

Jju j<u joj k frl'itl ^J/Lj-al djlor SjLcl ^1 (_£j| La^a _ djjijJI L^JLa t_u&il _ i_aJj 

.(5ji-.f 3jjj Sj^JI (j^s L >iaJ>ll <j£^ lili i 
JLjvj jJi-3 i3j_ii£ (j-)-«-!l d_uC. ju>- LOli- l_£J jj^La^/l (jl 2_2_l2_>JIj 

Iris pigment ajaj^JJ .Ml ^jl^IaJI g- j , ,■ ; U LMi. (j! <>° 6>^W 
i5>^ Spheres <-^Lj>£ ^Jl j^*il ^ d»^ 2 epithelial (IPE) 

dj^ J i'itl Lj^>L>. ^1 tU-lj/Lm (J^oljJtll d U , i L&JjJ_l J^tJJ d J*V J l~l d_UJOJjJ». 

IjJ i^i a Jlju djsjL^tll u i j i r-i 1 1 (_Jjl_$IaJI mlll (jl C. j"i_t La j-ifcj i d i r-> i r-i V" 1, 1 

.( Yn ) aft.AH 

Hair follicle stem cell 3 ^ * .»11 <_jI j_^>- ^ 2_j_cj^>JI 2_AiJI ^ Uj 

Likj idj_aajjjj| d_uj w r-> < 1 1 Lj^LiJI j_iL>J,l f_yjs L$Jjcj>o (j-a (jcujvLJI 

!(_Jj_l (jl , ,, i l_^o SjLS-lj SjJLjI/ (j-4^ IjiSL&J 

^ Sheraz Daya Lita jl j j .1, jaJ-£jJI <jS-« Y - • o ^LjJI ^ _ojjjj 

(j^o I uajj a (jULjjl ^>Lc (j^o SjLj*Jlil dSLLaJU Ljjc_jSL^3 d SJJLl w a "■" i a 
(j^a jl ^ i " a ' ,_jisjjJLI (j-a dJL!L> d_ucjL>- Lj^L>. ( _ T i^. J ■ (j^>- 'J i^jJI (_JJ-SLs 
dJi^j I «j a -w ^a-)j tL^_)L_u '^^U ■ u a * cLiLjJaJI ^Jljt" t ul ^3 i<U (_(-J^ 

dJlj l_-a ^ dj^JaJI tfjufc ^L>u d i t_uj (jl jJUtJ Lx-aa ,(_^j-j>.| a J^-i-II 

c-<J^ -r "i 1 1 Jjb "-^Jlj I-- 0 l-^-il (.S' ' '/V - — Y - ^1 Jj^aj '"i tA i'n ii Via 
(J_L£3J (jr^* ^jlj^l *^> J: *-^J t^tJe ill cLallSLa Sj-lIl^ j " ) I $ ge a (^Jl ^LL>uj 

. S Jl^ILkjij <l_LaT d aji < « d J i <ij^a ^J-^ 3 (jr^l 
(jlsljjsl ^^L^sl (^ dj£.jLj>JI dJiJI ^loieljj/V j»L«JI t_ya\j Cu .iVI Ijuk (j^aj 
Jx.ljJI LijJLl j»L«JI J*C i'ill i-Sj i n') (jl ^jt-i" i n') idj i n a Oul£ (j7^' UirH^' 

.Sjjtutil tUcjijJl d_iiiJI J uaAs LSjjj J^jvVlj Ijajjj^Vt 
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oj-CJLjj Sj-tl/l j a do i nl j-^i J ii "i "i i .i j t (ji-n j 11 



lo^o i n_i V (_jjJl» jl « < f* m j ->J1)) 4jjlj_a 
)cbt^.jj,l jJLaJl lUIjj-uI (JliLij-ci 

l_A 1 1 j j « di L_Llj>*J 1 d ^ j la ' o (J^L>. ^j-a ^£L>J, 1 



(5 jJl £jLg-!l JU-uVl£ «j. 



o-* 



2_iL>JIj !l_g_i_3 1 ^JLa *L^. LJLc. (jj^J 

ii<ji_p ^Jj-J <^>J-H Ca\jKi« ( _ ;r 3 d-ilaj i ii 1,1 

3j.-i-*j JUji_>JI ( _ ;r 3 (^Lal ^Jl L^-La j-"<JI J-J-iJJ 

jj^a O-a- i 'a j l) -0 f 3 * a C^jjl *J ULLs 

(jVI Lkj-^j ^ISL! 3j j "i ^ oLsjf ^ ijl>? 



„I 



«<_sil i_s' iy> U" 1 "' 1 cr^ 1 




'a^claJI'ft. iItII 



i^JVIj 3LjL*J,l L^jj-^j I ifuj ^agU I jl I a (jjjj_»JLj ^aflU I iC^Cj-^>«J L«_a 

)4_uL*j L4-4 I uaju I j Ic £jj fl^iej cJJju ^ L» t j 
(j-aj I gla-l ' joSLx_a ^liiu (j-a l_^JL>. j-f-iu ja-Ij Si t- 1 uiaJL djl Vlt <il!JL>. liLo 

i$(jjjj>.^M (j_a j^oJuj cL»x.j->3 SJjJljIu ^^jjJa^b ijr I! L&j-lC £_a ^jl_t-a (jjl_*j 
i_u>. 3jjjU"II j <Lj_ilitILiVI ij ta flJI J uj 1 n" 'C! Lj}4_>JI (jl jl uaJLa»b £j_UijJ,l j 

Jj^sl (j^. Jj^l Jj^a nll ^ Lijlj l—4^a .tji i . nll dry^W j^j-a jjLS^IIj ^\ < » S'iVI 

1 gxa «J Jlj^I Vt^J^I 5 K: SjjIjljJI LjM->JI j? 1 nj< i^jVl SjikJIj Jj-^aJI 

j^>-j . jLxjVI Ijuk ^ (jljj£j L&jy>.jj Lk*l_Li (jl Cj^j^I Cjy>- j-i-^l j^* jH j-« 

LjjIjj 1 <j <j j uij La jja CIiJlaj! t»l 7i j II (^ «LajLa 4 S i"it, (_p3j_jLjj Lg-m n'i CjJlj>.j 
i^jJJI JaLijtil jjKjJIj j>l i hS'iVLi j»L<-2JI «LLiJLa Lj^Li. (Jj^jJ Ij rtfl'l J 

Lj>L>JI tfji^a .2_Jaj5jJlj (j^_^>JI (jl£j i3_JjVl 2 j , olgJI L}L>JI c^jK Ll& (j_aj 

jajjj_>JI *|jj tilljo *i-Jjla il_«j|j jfi i n 7l i" ( _ ;T SLI 1 _y=Li- (.pljj £-°^>-^ '-^jjj '-"'^^ 
(Jj^>. (j^a ^1 i ii -v^l ojj_aJ^ |jJL>. 4 j 7l M i_^jJI ^1 i ii S'lVI i^l i ii S'l^U (_JjLaj_oJI 

n U uij (j-al i nii'll £_aljj_iJ 3jjjJ,l ljr A i t-i n'^ 1 _ )J il>JI Ll^Ls- i."i i uj 1 <bl JiJJ .(_j^>- (^1 
1 j-a j_uSLj UoLiij ,Jj3 I (jL£ (jlj w "I mfljl ^aLjjj Lgj I uaj I 4j.> i n->JI Lj^LiJI (j£LI 
3jJ ui> Li>UV tlJLui (jl i_Sjj-«_a 1— a£j . 4_*iaj^4jJlj (j-a_»->JL) (_yal_>JI ^aljj-jJI 
i L^L»_a (_j^>i-i Lj^L>. dJLlii (jj^ L)' LjJLs. j JljV i ^ mi i 0S5JI (^ j i^ajj (J^ di 
Lj^Ls- -^J^ i n') J£ (^J . |>1 i .i S't^LI sLjlLlj». 2JT Jj^>-J (jjJ (j-a L*ilj lijjLjaj Vj 
. (j-uJLlLialLa (j-CLili. (^1 p ■ n S ~ J Lj^LiJI ^jl--> 3 (j£. L>.l_j_a |j_j_j_ili -5j-<IiJ AJJ (J^ 

Oncogenes 2_^a jj cjLLl^. L^j ^ ... all) s ^ ,^ ^ a_jli. (jf jSiyij 

|jut j-j-C (j-a <LjI jl ijjj/Lu^l jji IjuiJ .Lij-ajJ Lj^LiJI al m_S-ll (j£. 3Jj j m a 
Laj iLl>.jjj>. O^LlIl Laj 1 1 ^ j LuL^al j»L>-jl (Ji-l-5 J aiit (j^j ^«-1 |»1 i n S 'l V I 

tfju& (_yL. La-j i "II J^>-JJ .„Ai p j n , ^"11 £b| j^jj , UjLaJj Ljjal>. CjJJlj>iJ 
^ a i n" i LjjIjj <_Jja (^ <L»jLi CjLLl». j_a Lij 1 ^ mjj £ >-fL*-ll (j-^ oLal ' n S'iVI 

jSIjj ^Tumor suppressor genes (jlLj mil jf ^1 m S'i>LI S^hjLUI oLu^JL 

^JJ L&jjJS 3JljJi£. , „S'll Cllljl <\ C ^ cA>.JJ L^aLaj Cuial ^^lll 2_iL>JI (jl j-aVl 
_ L^jLLl». (j^ j-aLi _ j»J-2j L^jLs i.> i ii ->JI 3j_Jai <Uloj . n a 1 (jU ->u (jl 

JApOpOptOSis ^-Ldl jUeliVLi Lalj f\ inSWI (j^ iJ^jiJlj Lal 



(jib jjuJIg'^ irSTll'^ iItII 



!!Jj^aiJI Ijuk SuluSLI f |j tllLuk jl£ La 31al i njtl ojl^j joij Ijuk (j! jj 

2_lL>JI Jj»»b <±j|j^>-Vl jjJ-i i ?n < Vjt i_3j_*j i^jl— 2JI ^juj—c: LLc> I jJ 

SjJ^jJj (jyUjaJ LU2_J^J $(jl_Is3J-*_uJ1 ^U_U l_Jl_j£j 

^j^a Ljj-*Iul La^ tcLuaj^aJI CjI_Ll>J1 ^ o i uj «Lt-aL>. CjLLo* 4_lL>J1 (^yL. j taj i 
JL_UI J j i t u I (j i «J . j_a-cjj n ii i" cLjiitil (jl_L*JI jiLaJ '(J^- 3 

BCL-2j! YJ .<_! j Neu j /-j Ras <_>uljj Myc dJLI a J5 a dn -v 

LvIJlx^ 2_lL>JI j^a! LjJ tiJjuJ V (jSLIj ,(_£jji~Vl 2_lxjjJI (U^jLLoJI ,j-a L&ju-Cj 
uliLLi_>JI ojufc (J^jX. j-jSj 3^1 i>ia <Jlsl_Lu>. ^Lhjj 4jLa- j i n dJJI Juvjl jl iLs-ljua 
RB II /j '< a j njLLaj mil cL^cjL^ iuj1_Liu>. ^ a i ujj n. . < nLUI CjjijJI (^ <l_i_ajjj| 

^ Sj_4^.jJ,I (jLUj mil 4^tul£L!l SjujulJI tu)Luu>JI (j^a Laukj-ji: j E-cadherin j 

j>LUVI cr^' lH^' j "i> pl-Uj mlt jul£ jr^v jaukf (j! Juu .4ul=*^' 

jjkj p Sjj ir-iiitl ^ljj-tl IjjJu>oj ^ V joJsj j» jj£LI I j-^-2j lt^*- j-* 

(j^. J-a-Jtu (jllaj mlt 2-jcjISLII iu^jLLj-jJIj S XSr > TP53 Oti_j d! ^a uj jrJJ*. 
4_lL>JI p I mJLll i_k3jj JuJu*_l!Lij i Lg-al mJLll SjjJ *Lul 4_lL>JI 4_j-3lj_a JjjjJa 
LaJuS w i *^ i i I jt « >ij Vj , ^1 ... S iVI *JJ J (J^'j-^ 3 O- 4 ^-^j-*— " C ^ > -J— 0 ^u^- 

J^j-C cLusj k i 1, LS-Sj j-ju n_i (J^ (j I (j-a Ju^LIj (j I Jlju VI Lgjjj.} 4_Lualj^a 

" n' 

iujI_Llj>JI '"'j a: CJ i4_lL>JI ->! ... S iVI j»Laj cdfl I (jlj . 4J£ J ... >JI «JIiLLljv 

SSLljv ^JSLi J -i «tl f j [\ oT <_j «Jii c^>- o'— 3 1 1 J "' m-fljl ' 3 1 2j) S^tulSLIl 

j j 'a .joSu>JLI 2_jiiJI |»Llij J i n '^1 ^gjJI ^>ilj JJ-^JI liilju La_3a-a i2_>slj_^3j 

<jl ir^ r tiJLuk (ji jLi (_g jJI ij^j_a^>JI j^a ^^1 liiJj 2^ajulu_a Cj I j i ii" iiJju-«J 
^ (j^JjLk lj_)_3 joj i2jjjj,l ^ 2_j^alj_jvl VI o r I CjJJ^v! Jl^ jrysj-jJLI 
I_5^.JlJcj (jl d_clj_l JSLl U" t .il LaJ_«_l 2jjjJ,Ll La d iiU i a ^1 ^c^iljl j i n 

_ Ij^Sjj joJ (jl _ ja^flJjJa (jVI jaukj 1 1 flia (jjJ-4£3 LjJ (j T a- ul a r JI i U ii'l J-J-«J>- 

SJjjJI Jj 2JjjJ.I t^L. 2-*u^>-j s-^' J-^ °l j J^Li-a iiul Jl^.1 ^1 

LjjjIjjI jnT ivij l(j i^t rijij Sjl j i n J£ (jMj'iii'ii j j jSJI Jajl i^itl j»J-2jJ ! L^K 
(jjiJj jl i .i cbl Jl^G lil VI j_J_jJ,Ll cU ^ a i n_l Vj i LikJjLa d -->.j ^ri-r rijlj 
liltj i aJ L a_Lu J-ukJ 1<J jlr (_>QJ flJI ' ' j t U ^ (jjijj u< a tL^aLal jl OdljJ 

(Jj^^/I tfAuJJ (4_LL«-a d ri jUj I 1 1'. ' ' n a ( _ ;r L4 ; JI tfJtjU K i nLa (jjSLj 




a^ckaJI'ft. il^ll 



vjJLutaVI c-ijIUU dJiJj! Sjlj uJI Jijli jj! C^jJ (jj La! .2jjjJ,| ^ (J>i-Vl 
cilt_L*_i ^jl ^j^o djLLajj tj^oJI jjyi^c d jlr (jiaj aJI w 2Jb d_jLb ^^1 . ..S »VI CjLLo*) 
Jajl ueaJI Ijuk IjlSL&j . 1 a. j A , ^ j£juj Lj-a UaJ <— ij-jejj djjjjj ,^2 1^1 i n a. 

JaJL) j^j_«j>. (j^o Ollial (jt^-II icLuJjLAJ d-ysIj^a-^Mj d_uLfcj^M Cj Ltla-jJ 1 (J£ 
uli <j"^>Ul J * ^ * 1 jiSLaj . d *^ ^ U ^ d_La! d_j_b j_a ^ S u 1 Jaj t^j-j>.^1 **' ^ 
i^LjjlJI ^jU"i i m") V j tjUaj i .ilt djxjl£L!l ^jJ>.^\ u1iLLl>JI j r^t-T) (j^*- «M 

iLgJ u! LgJ Li! : J_j-1j djLa i^olj }L> j>l ... dJLalj.^ ^ 3_jJL>JI Ij^jj 

id_iL>JI (J^ cda^^mi ^Lusj^/I J-J-a^- ^-LJe-ua lu jj-a^/l d_3J_> i 'l i "<1JJ 

(jj/jLa. »1 gjj.il ol_a-<-u La£ (j^tJ '^J (jr^ 4 <iKtl 'U (jjSjj 

Lal LkjLi£.j •J-4-»J c ^4^' Lr^ lij^*"' '^y^ "J-^'j' lS^' 'f^9-^ : ?' , -" 

jJtljj (jl Lalj ijjL-uiJI Jjsl (jr^J '(j*^ 1 "*J j* I 1 "fl'tVI (j^- i-JlSjIu cLlL>JI (j I 

<Jl!jI,Ll i LikLij f^^S LS-j i .i a cL5c_aj_j_a d jl o r d U i .il j_l i JiJ^I ^1 i n" j 

JMi. S jUr^a d_ilij| d-JI LsJj (5 jJI J^i-Vl JaJI ^kj ApOptOSis j! £-a 

SJjJI Lt3 .dJLa^a V >LjL3 (j^SLj L-kj-LM (jLUj-iJI (j! dJJj (^-oi-a-a njjjjL^JI 
.dJLal^ (jUaj-taJI cU^iS i3j_n^a Jj^sl^j LaJLtJ ,J^>JI i-Sj « i i .i 



<M'ittJt UiJt ^Ui>i| ^Ua>Jf <yj&i 

(j^jj I j Lu ajjLail l_Ll ^ 'i i nT) (j^>- i nitl i—ilfl 4j «-uJaJI £LulJlj>JI 

j i j j ta 1 d j 2 j 2 >JI 4_uLiSLll LUajI (_^SLIj i4_uLIaj_tuJI <1_^CJL>JI Lj^LiJI 

j I 4jL2jj (jLLsjjJI 
jUal d J o i "I (jjj-><-!l I j-* ' LN-><JI (j-a (jjj^i- Lij i .i a. 4_lLs- JSL! 

IjJajj . d j iil->Jl Sjlj i .itl (bjiv ^^3 d < i h 's «jLljlII)) ( _ ) iajLi!l Sjl j i .ill 

LjJj^j (jj^j (Jii- «ilijjia. d_Jl_cJo-l (jLa ijJal d_tjjl j»J-2j Sjl j i ntl (jl 



(jib jjmJIgft.jr V^llft. il^ll 

( _ ;r ua LiLij d"l «-v ^-LuaJ,l LaJj Sj-ii^ i ~ ' I j t r< <* V dllij i 1_il>3 (jjjUoLi ' tol ali > y i 
Jlac ciijJl^. 2JU. ^ SjL i uli jijla 'Lj^Lj lS^' <j^*^' JjU«"tl 3jm't 

i_3^>LLj>.I (JlLa LaLaj " flJ" JeJ j aVI fl (_^><-!t (j^lSLIl J m-v (Ji-ljij jj j_ljJ I 

L>}UJt 

ojsj V (_jiajl_L!l (_^><JI ' m >JI 3j j m a ^ a fl . *L>.j_«JI j i u ^^3 ^ ' i a 1 , 1 

Jjl3 liLfl tjj i .i U djj-olj^a j<u i_iILlII jl-k^l j-JjuLjJ jjjjJaJI i_3j^U 
puj (j I Jl-U .«Jliji,! i ' I I jl ,_jiaJj^o dj| cUal i iuj oLula lj_a> J i n-»Jl 

2-J_al>. (j_a Ui^-i Lj!vL>JI (j-o i_iJLl!l j_o-»jJ d ajt i uli <Lj_>JI 4j5cjj»jyi ^^3 

Sj -r t a 'Luli cLfljjJa puJ ui i» Jl>3 d_ul£Laj d_2_i_3.J c ^!-'- 0 j (J^'j-*^ d U j "j-^a 
i_3j_*j (_^SL!j . Sjl j i ntl d j MiJl d j j " ->JL$ (jjj^ieJ <J1)L>.1 i n a ^\ ^LL>u V 
^JjliJI u n i U 11 c_>jjj_1!1 i_flj_«_"j (jl l_Ll JjV. Ijuk CjjJ^v 2 j ii j $ 

. d_La i nl"i_i I a JjJ^_>u ^^i^-J 0Ja-u>.J cr^ 1 "[■! i n '11 JiiflLjtj i hj, i^j m itl 

(j^s <U L^sj j»liajJl ^ g- j m') t 0 " j tit i e-i^LJj^UI lj_ifc (j-a ^ u "i i uj j 
i4_lL>JI ^\ ■ fl 'l SjjjJ I fl_Ja j_jJLLaj (jj-^ 1 ij'v i"i J (J-«-»J ij»Jii! d 'j mi i a cL^cJljv 

,^ YU ) (jj.sLjiJij (jJjVi Lfj^u (^Jl jijjj (j! a iri i^ v ;\,\ a_AitiJ j<Uj £^>- 

•.^^^ ^LiJI (jJI ,>a L^uj ji! LIlU Lj>UJI j 

d-jj-»^. d_L*. j^a (^-11 i.-. 1 iri j ,3 ,^ ,^^-,11 d^^Ul Lj>LiJl 

ijjSj La 1_jJLc.j iSjjJ^>. Lj^L>- - 1 tac j i-dj I mi* Ijjl LfliJ^jtJ p'" fl ~ V 
L^lSD i d ■ " fl ' £j-<-!t (j-a Lj^litj (J J p i ii "j ljt^*J ' ta fl 1"' jl ■ ' i 1 1 gJJ £L»jj_<ji I gTt-jl gj 
j«U «JlljJj d_La (_jjJl lOuLUl ^1_2J1 J-^ i (j-a Lt^J ul!(iL>. tLvjLis 3JljJl>. U^Li- 
(J*C i"itl jJajl) i nill ^ti i ii <jj>^ (j ii a i"itL$ (_y^>- (j^j - ^' l - J '^"J- 5 '"'^^ 1 ""' 

(^ic- JL-x j^i- L_L-ajj jrtJ^La Lj_La J_S_aj tjr Sjl\ jLUJI L J>L>. J «Jj 

l Lj^ajj liiti 1 (j j '"I («Oj ^pJI m'iVl (j^s JjJ^jJI tiJLLik (j! J^_u ,( r, °' tiilj 

d-jji jVl j j»jJI j i. . I'tt j _ Endometrium _ jJl ^ jJl ajiLUjj f Lj>_aVL< 

(jO-JSLllj Lil "i i .ijj— jJI S JLC.J (Jli^l iri <tlj j-J,lj Cl*— i'j— I 4_i-oLi~ 2j_a_ajJl 




a^ckaJI'ft. iItII 




jjJJ bu] 4 mm V" a 2L >u i»tj 4-i- L> . J< nitl ^3 LoS j (jtil jjjLlc iBj^LoZLa 



(jib jjuJIg'ft, ir il^ll 



.4 j r a-j>- Lj^Li. <_3j_* -L<-u La-£ f*' U>ljJlj _ >LiLa jlL>JI ~ U , „ 

' >J Q * "' H j' j^L^TiJI 5 , ^ a l', j ■ a I 1 1 4_LaLs j-J-C. 4j_a^jj._>J I Lj^LiJIj 
£>.j.J a I 1 ■■ S-lVI ( _ ;r 3 I j""* J 1 ■■ t_<j_<ji (J-»Jj . - 1 , ,, ^ 1 VI 4_*jj_<_u t^rO^ liUj 

1 n ii m <J£Lii]l La£j !JLa-£LIIj ^ i^iill SjijjlJuJI I ^"1 jr j ^Jl 

U" ^aJ 1 I g-La I t^i ir~i -x3 I <.Vi j "1 <l (jO-jJLi. ^Jl 

J-i^aj i (j 1 ^ t " J I j ^-JajJI ,j-a I r I 4j>-j.j ^^Jl I «i ftjjJLi (j I " j I -»J I 

4±aL£ 4_tli»JI Jj-^>!l J^-J-i' <3'tl 2-_tli»JI J>ts (jJI 

^a i .1 ii M V (^il JlLsJI j I ^J-ILa <_JLSJI 4 jlV 1 ^ t (j r-i i ^ V " J I 4_jJLc.j i i 1 1 

J? 4 jUmJ L>L>. VI La 4_JjVl 4_^aJj_j>JI L>L>JI (j? 

2_tii»JI (^JJ Jj_^>jJL! Jj>LaJI jlj M! U ^ Transient jj 

4_ajJL jni^ V" II 4laL£ £j_JajJI 4_aLj 2_iL>JI ^1 Jj-^jJI (jLSj iSj-jj-VJ 
t;T £J i t-iii (j-u-jj iSjUJLc 4jj i h" CiI U t <u 4_jJj^I 4_j_ajjj^>JI 4_jJL>JI JJj-a 
^3 4jjj_Laj 4jkj_Li ^ «i " i ii " 1 I ■ eaj I ' L-gjua j^>-jj,l (J «i «U 4 j 1-sJI JL-*J 

se i ■— -> V 1 (jLSLUj i. 1 1 nLi-U C^SjJI Jj^>.jJI ^1 j (j t-i" t J i n -»JI (jl£Laj 
jl i— i £-Jj_iII 4 j«i i nl La jjk I JUkj i ^> i ii ->JI i _ ;r 3 CjL>.I i ii a (Jji_ii OJ- 5 

Lol jLt^o ^ 4 j AlAJI 4 j j ^-»JI JjL2j i_gjJI d>j^-!l i.. -v. ^ j^ikjJI 

.SjLaLjJI *LvjjJI 



a f LgJj VI 4_tli- (^a La-3 . i^f Jl^ujJI jJL3 L^jKj iSj.^s.L-aJI 

4_lC j->J I 4_lL>J I La^kj Jlj^a (j Lj_Sj LvuJ I q LLlL>J I j . C^-ji. J C^-Zlb j I Lj-La 
^LL»j Laj j_Ja_»JI j I i ii i II j|jl_aV fj ii j ii -»J I (jj^>J,l i _ ;r jk (Jj i4_»JLjJI 
j I La 4jLuaV j I £J-><J 4^a_ijj Ljla J ii flj La^. 4 i<-ijj-«j jl Lj^Li. jj-a 4_l!I 
.Lillj jl *ljj jl (jj^j.^ JU-u^>JI 4.£LLa-a ^Jl t~ r t±j~£- s-^j-Z" Jj-i-aJ 

4_i^>Li. 4 j r jl-a. Lj^._i. ,j_a *(_^>«J £ ^!- a JJJ~ : ? ,, -" Lj^._iJI (jLa LljIj La_^j 




'a^claJI'ft. iItII 



■t ijJl '"'l A u» j^IjjJI Lg-3c_a Lij. J ( _ ;r 3 iililia_) L^i-i. L^jLs 3j_jLa-j_a J-J-C 

«Jiil j L-#jLa o- u W>^-'-^ cr^ iCjju»-j I ^ j a ^jil 4_1_i_jJI j| 

c^jlS^J jljSJI ( _ ;r a L^jI i (j-u Lj_j.i jj J I L^Li. ^Jl j.-jL«-jj L^L» >J oli uo 

- 1 ■ a c V I ^ j flj lj£Likj iJl_l^ Li^i-i. ^Jl j-jLa-Tu L$JL*j>o '"'l A ua O I i 
V 3 j j «i" a 4_ije_ij I j.ILm I 4_)_iSL<_u £-Ja^j.a 4_LC.ju>JI Lj^LiJI j-itjjj 

^ «i miJ 4_ j i— j l- l j > - J*C "i ( _ ;r 3 «L*_a^M jljU>. ( _ ;r 3 4_j_j..j_-*_a Lgjl ju 

3 I i ^1^3-1 ^ I n jur 4_i_i.jJe_a LiJ^so }J.iLa JlLjJI ^ j i CryptS <_kjjLso 
, _3 4_i_i-ue_a 

LgjKj i4^jL1jIIj C;r 3_L!l «^iiJkc» j? Niches j? SKAa 

j.JLjJI juji^>JI Lj^J„>. (j-a /0 4_i m 'n ji^-jj L^jJ JLSjj l^l^LJIj 

{jr&S i<LjLjjjj 4!L-uJLuk £-a j-i-jj Lk.5^j».j ^Jl JL<-u-><JI ^LL»j V 3j_lj£ 

j' 

JLlC VI J «i <" i_J LaJ V jLj—iJI ^.U ii ^ (Jj-S ,j-a l_Lu I o_£ 3jj_»-j_a 

I j ...A. i ^ J < i 4_2_iLLa_a d_jsj_uj ^ La »"' 4_Lcjk-?JI 4_JL>JI ^jLa 1 ua sej a L^L>. 

m i tl jl 4 ...A. j , . 1 1 4_j_a^jj_^. 4_lL>. ^ La »"' 4 ■ .. A i CiSijJI ( -? -2 w J LaLaj 

_ j i v> » tl j\ g j mi i tl «L2.J JiaLso (jl Lfejlc j-c L^jl£j • ^ ^!-^ ^-^^p lS 1 -^' 

. 4_j| j ^ ik L^jLSj ( _ ;r ic- Ji^Lso (j I (jjj £^a 4_j_ajpj_^. L^Li. oJLaj Laj 

I I (j i u flj jj-a jL^VL ^JJ-^>- J I CjLL^I ^J-Sj 4^ 4_i^sLs.j L-^-jJ 

(j I (Jj-S LaLu (j^LSjLLiA (j^Ltcji». (j^JLiJLi. Vjl (JjjsIHa 

L^j5=_aLjj.J ^jSi La _ ( _ ;t £LJ liUjiJ 1 4_|_ajjj. j>J I L^LiJI »1 Ur I 

4_j_aLj3l jIjLcl 4^>-L1jo Lu 4jLj^>VI 4 jl o r _ 4 < ui (j-a 



(jib jjmJIgft.jr VtIIV». iItII 



i j < V» « 11 j| 1 1, ill LOLiJI L$J j_4J (J^vlj^o Cj^Lj LuIj L«-£j 'U- 5 ! 

Edith Kordon ^ij^S liojl &IU-, ,„t \\\A ^L-nJI j-j'jJ 1 

Jaju i nj^ Ijj-u-Jj iSJls.Ij 2jj^>o LojLu/ La l^vjjij (jl ojJX.I i n aj 

5Lj.tlc »1 «Uli <-2j-*J l fl-jSj i2_i£.jL>Jt <LlL>J1 
jjslj^o cLuLcj I j * " l_j£-jjj <jL3 (j-o j i" i u a Lj^^i- C-cJe-JI (jyj-^ >J^I 

,_jiiju LlLocI , ^1 , iVI i - , A aj" gg^aJLll <iLoL£ 

S-jjJj SLlS (jjacl IJljvIj LtJs^oj .£Lysjjj^>Jl (_JJiiiJt SLljs Lj^>L>. Ur*J iLi^LiJI 

Peter ,jji^j.5 J-^£? ^-*-JJ 'iJt!-^ " L* 3 c i ^ 3 J I (_£jJl pjl i aJI i n ilt d i n A 'i 

C7 JLc (_5jJL^»o jJLI (jLLsj—^ Lj}Li. q\ Ijl&Lj jJUjjjj 2_ji_aL^. ^ Dirks 
3JLaL£ ,_£ju <J (j? t ^ft->JL<JI g-j-mlll ^ L^LJtii ■=> aj 0 2 UJI 

L^JLa <_3j^>. V j^LjJLj i I JLjI p i " 2 " V p j 2 c jj y j ^j_UajJI dJLaL^ (_£JlJ 

LguiaiU L&j^jjljj (jLL3j..<-uJI Lj^Ls. Ijjui-I (j-^s- La I . i nii'iVI 

(j I ^jU" m" «^JLjJLa I ij i*C t i <_u Lla d az ih j I ^-jJj Lgj| i (j <-i t j 

Ljiajlj i LaLaj L^J <_5jLLa^ <_uLt3j_<ji L^Li- CcJe- T ul I (j i*\ t t j "i " aJLaj 

(_^jJI ^llj d j u<JJ 4_j_jLj Sj_a g i^iitl sLLaL^ j j az r Lj^Li* jj^Ii CjjLcl 
2JLaL^ j j f 2_t_ajj >^>JI ijUa j-t.ul\ Lj^Li. ^jML) (j-Aj 1CrJ jL^Vl j»j_aJI 
JJ T * ^ Lj^LjJI (_ r Jk_J sGLij£La p 1^ » a jj_a (»JjJI < fllaj o^-J ■ (_ya-i^a V "tl 




a^ckaJI'ft. iItII 



2_j__.___>JI Lj^LjJI iJj-lm (J-ij jaJ i3_i_a^ij^>JI Lj>LJ»JIj ^UaJjl 3JLaL£ 
t^yjS ( _ 7 -S_lS^>JI j La >i II (jla^j-a '(*JL9-^ Cr^ -i>J-«J1 <U_iJLSJI cLuLLa^ i n II 

i_Ji^_*_u L-^-La ^1 t(jL£La i _ ;r 5 LjLLsj—i-u w La au C^>-lj^ Cxx-i 4 _ ;r lll^ t (j LL3j»_*_u 

jljo (jrjj*. 2_^sL>. iaI La^JI tj-ajj j-LL£ S j-Jaj. Metastasis ^jj>-I ^Liaclj 

. (m) L*j c^-^i *L^Vl dJJb <> 

jl j uiajJI ^jj>-jX\ 4 m-a_i (j-fl-Ja II (_g^L>JI c^^j-lll dJ j»jj-II d)! L! J ' " 

• pjl i ntl i n (II 

<_jJL>. d>^J ^-11 ^ J <~ ju>JI 4 jl -»J| jj| ^" i" i „j I jjj 

J_<fu]| jjj CtJC-l-l- O Ij 3jL>JI (j^. Cj.lL>. J CJLu3 I (j i*V t Ij-^?- 4 a jl [ ,| <_LC.jlj>. 

Cj| jAUa ^JJ 3 aJLaJI 2_l^ JLjJI 3_tL>JI ^ijisL 

2_lL>JI ^ JL - sj • I <; " i La j-uLi 31 j A < Lgjf jjljJI 3JL11 jj ^1 

JL3 I ijjlr j_ljXJI JL^jsJI (jl Jl_u t Sj. A U a J-alj_*J Cj ''(-»j-»3 Jl-3 3_l^. ju>JI 

jf iajL^ }Lj Lg_ii <_L«-»j Oncogenes S.j.ajjJI cuLLtjJI JjijJ (jjSLj 

JL3 (2_4_lLuJI 2_l^: JLjJI S^jliJI i^) Lg-xj>-l uo (jL£ I j| 2_<^>L>. 'pjlj 
^_Ll^>JI jj-ujL^^ ^jlla^ mJl ^_jL^ 0 T' i i Cj <j-a ^ i ij La * a d > nM ^-O.J 

(^ic- 3j^-l!l 3 j i,->L>. cdJtUj 3 o jl ui II 2_l^: j_>JI 2^iiJI 6^ L-*^ * j-^*^' 
2_li^>L><JI u juk jl^ jij i LajI j 3jijj>.j.a L^j| 1 1 ^ i .lA'i jljjlso 

2_Lcj_>JI <LlL>JI (j! iiilj i(jLL>j.jjJI «LscJL^a t _ ;r 3 L^jf Ljju>.jJ 

j»JLSJlJI ^a LiJJLC (jl i^ii'i ja^-J (.^ic- - -^J-^' J-*-^ j' Jba Cr^- ^ " ^ ' 
sLiJLi. ^ J ' aJJ LiLjj ( _ ;r 3 CjI j AU1I ja^l_pi Li-S^ Lj^j w La «J JlS _ j_«jiJI ( _ ;r 3 



4 j U i nj 2.JL>-j._a f^yJt Sj.£1jJ,I <_i_ajJj^>JI 2.jJL>JI (j I (J-J-3 (j-a LlSj.^. La^ 

L^jjj i2_»JLj.!I j_>JI 2_jJL>JI _njj ^j___JJI «LLaLiC - j mil I Lj^__«. 

1_£-l_S ja-^lj.- La _ Jl_»j d «i jl i .i JJ-p _-~JI - £ *- T "-C- ^-?<-! I 4,_J_-J I jjja --J.- 
CjIj AUI I c_)L____jl *L_J ijL__i_jj .(j^j_JI j_a _,JL_. di I j. AU 



(jib jjuJIg'^ irSTll'^ iItII 



I j ... A 'i jijju^o ( _ ;r ic 4_lL>JI SjjULa (jl Ljj_j!Lcl Ijl Lilljij i I j ... A 'i 
- • ~ j, 

4 jl-iJI (jl 'JdJ ^ t-SjJ ^ ij-^j-^ J' ° Cr^- *— 4 * *>J 

JUJLssj 4_i_<_£3 Li- Cj£LLl_al L^j^/ _ <Lx jo> d jlr j I La ' . iL3_Jt 

2._tli. Ji >^=-a i^<jL£ (j? 



^1 |_gjj_>,j 4_U3J_3 (j I Ji_U n_Jj^JI c(_LjLLj_<j/ ^rj (j I ,_LCL>J.I J.-J-C- (j-4-2 

(jf tiili (jaivLJI . jM-L^I ^^k: „U mim' joJ S-cjUs ^uLUj^u Lj}U- 

oJaj '^jW ^ cl -j' ijr- LX i 'j J ^ j o r Lj^LJJI ojufc 
<. ( _ T ji Ijuk (jl >_ . i . i -fc jj . (jLLj_<jiJI j^j^Ji SjL^JJI (_gjijj ^pJI <Jiilj riUtl 

(j-o (jokttl 2_j_JLiJI JiWi Lj>L>JI oj-ifc (j^ diljj i jrtj-ojVI ,jjcj l_Ll j ui j a 
(jLisj._<jJI (j-a <-^><-> 1—^-3 T 4i! J a ->Jlj i LaJLufc «JLuaJ (^^l ''-i^*" OJ-i^iJ-' *LjLM 

3 U ~ mi a (jlj_aL^ m -v? ouLJj auJaj,.^! L}L>JI <j-a 3Ji£ Lj>-^=J 



Ij^oLa jL Leukemia j»jJI (jliaj uu 4jI i^a Sj j . » ^>Lc ,j-o Sj^tiUl 

C' i^j— tj ^cj 1 1\ )t ^ ge rt oJa a >.j I j rt N jj-o <l j c . I >Ji LaLi^L>. geJi luLi 

Lj5Li- (j^o cU Laj ^UajJI (^^^j (Jj-2J ' n'i'C a (_JjLc_l^ £^4— «J dlli Jljlj S J j inti 

^aLjj_l (j^o c(_lX. ji_>JI 4_lL>JI f_yjs La J i>i flj I_ i _o- l $ j-L! I ,jji (J L»- (^TjL-" ^^-^ 
4j| Jl_u. LOLiJI (j^o ujj LtaJ, | £_aJJt »1 Ur ^ ^ 1 1 r->_i cLtjsL^ 2_ij|j._a (jj_a 

l_al_4J 2 a A i .i OuL^ Sj j inti tfj_gJ JL>JI Lj!M_>JI (jl ^Jl j. j ud (j I 

. (j LLsj_<jJ I (j^o cLl! Li. j 




a^ckaJI'ft. il^ll 



Raj Chopral jjo_? ^Ij jj_i£jJI <j_L<jj 2_^LLjj_JI SjueJUI aSLUil 

t j "i , n i La cLbjk-CJ (j Haj i ii 11 CjLstJ^ (jj_uuj._uL J_£jlx-J ge i H 42uj._5j 
(jL_-j_i_uj ^jjl (jLLj-j-u ^.uaj.^a ijr b 4_LC I >JI L^L>JI «LcljjJ d j * 23 j 'j taj 
^>L*JI jj-^ 3 p j * " Oi 1 -^' C d—lj 2 «L—oLi. . « I "j 2 i j 1 I 1 » ^^Ltil jLg—^JI 

£>L«_C I j ■ ^ 2_L£.jjJI <L<J_>JI (Jjj-aJI ( ,il <_u-p- ^Luj-iSL!! 

2_jl>JI (jl Lhy-> J^j J^^-U <J^ *Lcj£ 4 ■ ■■ £ oJsjJI fjSj Ji^V 

njLL.j.jjJI Lj5^_>- Jus ^Ir SjjJLtl L^jjJj j i n-»Jl Lj!vLs- S ju * » cU-c.jt.sJI 

^jJI j-a'iM i_jLcj_*_i (_gjl_«_i_i ^!vLc I j j Sjj aJJt (J-a-iJI 4_iiax (jl J_u 

£^>I_«JI (_JJjI ( _ T lc 3 j r j^>Jl jo-A-Lj^Liw J" 7i a j»Lxsl I j; o 1 1 n ~r i uj joJ ^"i t j II 

(jr^>- JLioL LuIjj 2-j-c.JljJI 2_lL>JI JjJljlIi lj_aLl3 lfar cl < uiVIj (5jLc>jSLII 

J' 

2_ajLS_a (j_a 2__»JLtJ,l 2__cju>J| 2_lL>JI (j< j . ^ jJI «Atase jLj!» ^a . 

4_d_»JLi — «Jl (jl IjJU>.j p-^-jl i-ijjJaJI (j-oj • o jSJI ^5L«JI d j o i n 

iojij-cUj U^JljvLi £>UJI (j-a j_i£l VL*_. (jl_? ^jLijSJI ^MjJI j_a 2_c j^>JI 

IjJ i^i a ur^' 3-tf j.-vJI (jiajjj.1 b}L>. J^S J-i i^jLa-iSLIl £>L*JI (j!j 

.^tl (jLa IjSL&j .^jiiJI £>L«JI (j^a o_il_>l lil j_*-i L «_<__• (jLUj mil 
^JL-o LcvjIj - i_Dj_C I o (j j o i "'i (jl l_Ll jL>- (jl - 2 « j jUtlj 

. » I o U 1 1 j (j-LcvLJI (j-a (j-llaUjIj (jjj <j"7«II 
3j^*^UI c\£LLjJ,| (j-o 3jl j -»JI fJjJI JjIsL^I Lb (^JaiilsVl 
ij-iT jtl ^>Laj jsLtJI (jj i a >■ li^v icUS-Jj^o^l SjL^elil iIjLjVjJI ^Jl cL^Lkjj_JI 
'O ""'J '"J-^3L^"La SjVjj JjLfljLifc £U_aL*j t_JaJI "LiK (^ jLjjLitjJLij itL2_aLJI 
LuljJ SJjLjtA cLiJLi d JJ^J-uaC <1_ijZ.JL>. Lj!>L>- (j-i>- (j-o (jjUjvLJI (jSLxj (j^>- 
j»LjI Ji-*JJ !<Uol_<-u j-J-C. 3jL«j I uiajl j Lili I j 12 --j i j-i^j (jl-Laj ' uJ i— iLua^o jLa 
La jjj^ill j i gflj !'/.A • d 1 1 n <j J^a- o i 'r-i I JlS (^LLsj_<JI j»JjJI (<^*j>- o' 'j^^J 
i jJ,l t_y£ j»J>II (jJl J^U^ ^Hj).' ift«tl S_i£.jL>JI iiijJI J-«JtJ Ij-aL? ja^il-i CjJls. 
S^oLvu I (j i*C I j i2_aLj/ SjLa (_JI jLill (^ Lfcjifljv ^pJI cLaLcuJl j-lC. SjUI (Jjj>uj 
(^JLl f Lj5 JM-^" *l_Lia_SJI ^Jl (_^jf Lva t 4, "ij j -^1 (jLL.j_.JI l_i>L>J lL=l2_3 
d ii Uia (^ «Jlj_vjJ dJJjlJ i(jL_.j_t_JI ^Ijjl j U -^1 ,j^a J_»J (_gjJI i jj,l (jL_.j__/ 
! Jajj_tLi VI i niiWI SjSLa IjjI Jlj_>w V LOLi. «Jliljij cL-ul i n'». j cL_oL>. 



(jib jjuJIg'ft, ir il^ll 



i^Lbj__oJI (_p3j^o dj_C.J_»Jl d_ii_»JI j*l Ji_V"i 1 11I jl uajj Jj J uaj ^«J 

(jJjLo (jLjJ ** J. .' " ^ jj5L><-il ^J-i dAse-o rLu^a di\ _• OJIj^S La 

(j^o iS-jS^oVl >-.Kj mii ^ " t „yj <±jj>i 2_«-aL>. ^ Martin Tallman (jULi 

j_a -2 j_c j -*-tl L>L_>J1 L_$1_U_. (5>^ taJb j^lll (»1 tajJI w S j 2_cljj (j! 
2 Ijlg SjljLs ■ - j» ' 23 joJ ■ (_g 1 j LS HJ t (_jjl_«_i£JI ^^>L*J1 ,j-o 2_JLc i_jI_cj._v 

^LUj.uJI £_j».jJ 2 t'<~iJ-C- (j-* Ur'^ - " (jllaj 1 uJ 1 " ■ I J I uaJL I ulil Jj 1 nlt 

Jij_*j d_JI_c d j o < u jioL_*_a J^jjcj ^ o k< 11 4 _^_5_Ll 1 Jjij (j I . d_>-}Lc. Jljlj 

(_^Lcj i 1 1 j j U 11 j ( _^_uj_U j^>-j_j I o $ £.1 li i'itLi jjjijjj ( _>iajjj,l (_^Lc f-J i-uJL> 

3j._o d_c j^vj (Jj_i (j Uaj_<jJ 1 <_! LlX. C~3j (J ^Ja (j-a 1 

2-^ljjJI i>juk <._) (j^jj^c: jJLj (^i^Ulj _ 2_j^jLj>Jl Lj>L>JLi ,j_«Jj_c (jjMJI 

(j^jLc JL3 (j^-" 1 ^W - *"^ I » ' nj^JJ (j ^ i a I « 1 n"l (jl VI _ S J j t .1 0 * • 

( jl_L,j._ 1 _ u Jl jji lili j >_ ll l. (jULi lj_- jlsj !l_uij£ji!l j I j»jJI (jLLsj.jji o^J- 0 

(-_) ii>^! (j-^Lal (j-IJ j mi" 'l 1 j (_?JI_J1 (-_) (^JLaVl dJ_Lj_a <j-a J__ul Jl_5 jL£ 
' uuuaj IaS» j !t£ H J^-L ^jyl! j jl^ ^ ^-l— s^-i Lx-3 i JlJ_U_>J1 

j_5cjs j-fc. 2_ui ju>Jl 2_lL>J1_i ^!>L*J1 a_> ^LllLij 'd_<lc. Sj Uj . ..11 ojlc 

. 2JUJ1 b Ila 



lji£j cL-uLLsj 1 11 11 4_lX.-U>JI Lj5L>J1 (j^o a 1 -» J I (j I 1 1 jjl (jSLa-a (Jjfc 

- ' a a 'H «tLoL^ Lj^Ls- I 1 j Ij 'J 1 I j * " 2 J 1 1 1 1 4_lxjjj^>J1 Lj^>L>J1 

«LuLisj-iJl 4_^.jL>Jl 4_lL>J1 i_fl J ^"1 1 n'i ( _ ;T SL! So^J J^-"' «^IJ-SJJ 
d j ii j ii ->J1 (j^La^l i_3j_tj V (j"^l (_^>- t^\(j 1 11 d 1 uji d jl o r Likjlj J-5-C 

cljvjj (j^>- . d iil"i->J.l J 1 .1 ->J1 »1 i>ir Ij cL*jjij| d jjlf I ^^3 cU£.jL>JI djlVll 

IjJaj _ U* i »1 Laj^j-c 2jx.jL>Jl 2jL>J1 q^ dili t *j_<jij 2jjLL.j_.Jl 2 t lc.j_»J1 

Jj_jI_J1 ^jjU'tl ^tjjLlIl j-iC C-cl U" I lll _ J__C>J1 d i I llitLl ^Jlr-liltl I (j "h o its I 




La d K i"iU (J^ej (jj i^Ojjjlj-jJI) JJflkll tGjsj-o «Lusjjj^JI LO^-><JI jl ^LUjjJI 




° 






jjij A j 1 ■ a a eL2_J i^j^f j ' 1 j j tJ * 1 Lj^L>JI ajui J" aj ■ 1 j'" aj jllso V 

„. 



(jib jjuJIg'ft, ir \-»M 'ft. 



j^j_4J Tannishtha Reya Ljj I , ,m u. S Sj^jJI £>l2j U£ jSLiJI Iju* 
Lj>U»JI 2_-10 ^j-^-2j iS-jSLjj-oVI S_JU_<UI l-LJjjL£ S-j^>-j w .' Utl Duke t*Jjj 

LuljJ ' aju ajj LoLoj L^3l_LjJ>. (j-ujjG ^t}J t(jl_L*>ju_uJl Cil^ (j^a «LuLIsj-i-ajl 4_J_Cju->Jl 

4_tlc <L*>*^J ^cj ( d Laj >i 1 i d o jl uJl l_i^L>J1 (j>3 Lfej-J-C (j£. j— J-C-iJ 
tCj^£t£ cLulla^ i uli l_i^L>J1 (j_s Lfcj^uC (jj-i (j-a I ^ u ' * ^oLi. 

i_3jj-Jl (jjj l --H l -d-> (jllsj 1 .itl (jlr I Lj 1 JIS (jjSLj 5_uLL.j 1 n 11 £UcjL>JI Lj^L><JI 
' JjjLuJl (J*C i"itl (V «jj>«Jl jJiul) 4_ulj Sj^o cLc_y>.j jj^o 



t_jjjJI 3jGLu/Vl JLjvV £L»1».V1 j«1c (jSLi cii-r i \ d-SjjiaJI ojufc (^Jjj^i 
.il 1 11 .itl (jl-^J ^ jLui-ill '• '■*''**• j T 1 j<uj/I (jL^J i I Jtlljjk C-!Ljl.oL>. 

cU^j cLfljjJaj (jjS^S (jl JjV cCL-jJLila (jlj ji>ii\\£ jl -^j 1 nitl$ I J ii < a ■-- 1 --V> 0 <---- !l -- 1 
liilij ^ <i jj (jZJ .il 1 .i riil I ^ * j*l (_P-!1 I (j 1 11 i-h 2-2jj_LaJl t-Ailu i2j <i\c 

J (j m i Sell S (Jj-jj/ j^j^jJI lj-3 (Jjk Jj^a-Vl (j r> « j 11 (j-o d i>i d'Cj'C ri"; 

rVitl £j|j_uJl (Jj£ (_gjJaJjl £-L»i-».Vl ji-JLc liijcj iJJjjj_j-Uj (_glj-5jjl CjUcjI 

(Jj_<j/ jJiu jJLa JSjLSLal jijjjj jJal^i. Jj^ljj jij^c^o tbl ^\ i<tjjL-»u >lj^>.l 

4 1 ajj « II I jUjU-^. I j . ^ oul^ (jlj i(jLLij_<jJl ^^L-C- Ljj Sjjj^jJl 

1 L-»J Li t;r ij3m I ^ j'a j-»»-*- '^^-«-11 2J--P-- 3 ^-2-^>- ^ - , (J-f" 

L^-jl uj i-dLtjfc ^jl 1jJ^j>.j j c ^_*_ol_jJl ^jj-iaJl 1 ^ 1 ^» j * ^j^-J-^-l— »-11 tjl pl* 1 
3j£La -^jvjj Lxj5 i 1 d a 1 11 i^/l (jllaj mil (j^-J t-jj^ 1 iijj£LiXl CjjSiJ 

d_c^ g sk a ^-- t --<-'J 0^— .^2^--'- :> ^^ Li^l—^»£-i ■t^j"* Li^Lj>. jj--- 3 jiiaj i uli »j mi ^ 
cLa- 1 n i^/l (jl j-Aj iiiJJjJ lj j • " jj ^ maj (jj-iill ,j^o ^^LiiJl 1 a-ua-Lll (j^ivLjJl 
' La ui '"' i-dJj JlJU jaj i-li^Lu/ LjL-Sj I j i U I 1 ^2 ^^._>j oJlj i— a d_>Jl_jJl 

4 i*s 1 n 11» Ci j o 1 11 (jLLsj_<jJl (j ri a ^juaj^j 3_jj_La_£ o^c.l_i^3j 1 Ljl_L-)j_<_u -r j 1 r-> "1 1 

LLv 1 jl* ja^aj^ia Embryonal rest «a^lji^Jl jji^Vl /\ -ij-u-^Jl 

LjL2jJ1 (jjivLJl lj_C £U£.jL->Jl iLiLiJl AJUJ .(j^fbvLJl ,j^o Ij-fJ^ 

jSljJl ^ L$j| ^1 ij-<i£. jj^LlIl (jj-l!l (j^ib-LJl L^JI jLil (^iJl S-i^Lu^Jl 

4_lL->J1 (jl -^-iJajI (Jj-<-uJ . (jLL-)j-<jJl l-J^L>- (jJaAJ j-!i-J-!l 1 n 'H 4_L^.jL>. Lj!>Li- 




(j-uiJLjJI (j-o jl 2 j i Lj^L><J1 <j-a jl (j^i>JI (j-o »lj i .1 S j «-u-Ia II S-^cJljJI 

Lj}L>. £-a S-jljjjjJI JljJI Lj}L>JI liJj "i i1i"i }LL«-3 HjUaj uilll SJa^Lc L4J 

Jlo (j i .i-». I Teratocarcinomas (jLU j^, (jl U£ ^Wilm's j-Jjj (jLU >^ 
5 - 4^LUj— J! a-ec^JI Lj}LiJI L^Wi ^1 4laLCJI SjjlSJI 
^1 jjLjJlJI (_^Lc i<Lj_<-uLLo 2-Lu cjJljvI jj lil SjJl^JI L^jjJ ^pJI - Ij^>- 

Lul (JLjSj iJaj_>JI j_Lu-u i 'l i nal Lufc (j^ij . cLiJLjJI d ir-> ir-iV"!,! Lj^I =»»J1 (j-a g^j 

4_uLUj_<jJI cL^cjL>JI oLOLa. (J-*^ 1 ij'r 1 {y* gj^ilV"' (jl ^jU" i uj 

a i^^^gi l,>uji j! 

"-^JJ-^J '3 if> if> Vil l g-j uuJ I Lj}Li. ^1 jjLcn 
£yi (j^ilVi'l ^«u (j-oj ijjti -T a LgJj^aj j j ik-i 3 J-«-^ «Jlll i L$j| t_3j|j_»wa i La i n') 

^M—«JI UI o m I a_ Ijj-U ^jjJI Lj}L^J j— i _ C ^lj JjVl jj i^.U 
Retinoid dJjjjjJbjJI (_>iM-^. (j! j-^jIj Differentiation therapy jjL«Ji]Li 
ojg^oj? jJs « Ljj» c>j\£ I j^jfcj •(^Y ^ ) ilii U jjLkjJI Ijuk iiOiej acid 

A j |AJ| ( _ ;r L^. » I 2 II JjjjJa jj^. (jl_Lsj_<jJI ,j-a LaLaj (j^aliclll ( _ T £UI 4_ajjJaJI 
tfj^i La (jL^ Lj!j .tiili ^1 3_i_a_iSLI1 LlI ^i>ij <_Lu-u (jl-3 i2_uLUj_<JI 2_LC.jLj>JI 
Laj lt jLUj i nlL^ jo-a^l L$J ''j'" 1 1 "J lS^' 'l i ui II i'Ij'viVi ^LcljvVI joJLc 

(jLa iL^ili <i_i£.jl>JI 4_lL>JI ^ijJh (jLUj_<jJI ^^Lc- a j-i^-3 iSi-^ 

(J£ (J_y>- I J i ii I (_LaL»_aj t_!jJLll ,_LaL»_a 3^,5 (»Jl5 "1-4jL3 «JllLjiljjJI 
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« 



(jl jijj LllSL! i^LyJa «Jl !^Jz U 'i V l_Ljl 

Ijlj tcLa^ya-j i'ill ,_p3j^o I i n (jl (jj-i (j-o ( _puu 
LaLc \ Y * » I a_ill LuljJ i i ' a a Lj.il i n-v| Cj-iL£ 
^sc-i jjjS • La i ujUJU I ijlr 1 Cjj^j liLcia i LjJj_2j 

_ i a I_lL>. jja- j mi t. i i t o a * ■ H jJLfl IjJ 

^Jl . Lis I ,„ -w I I fljlr Cuuu^ ^1 i.-.im J (^ 

I g_uLij 'J^J "Jl o^J-^' ' fl^J' •(J-°l_9— ^- SJj^vLfj 

(_>^lj — a| ^j-a tjl — j — i_ul — uj\ £j\ — Cjj J — >*J-J 

K t-ljU-Wj r^lf J*C Ml 1 jl 4^^l i,->a 




a^ckaJI'ft. il^ll 



(j-<-uJI iJT Ji LLaJL-Zj ^-i 3 i LjjLajjj^. ( _ ;r i _ (j-a Ljj— I i £ _ ' La La a. t I j 

JlJsj i^l ■ ■■ S )VI (jc Ij^_j_a L^L>JI i_i3j_jj (jl I ■ eaj 1 Lca 4JLfl-C ( _ ;r 3 iIjJLj^j 

^3 j^i-VI j «i " i ii j La-Lu 1 1 La 2 a 3j_a ji i n n -v L-kcLi eaJSJI ( _ ;r JI Lg-iia-«J J i aj 

j' 

^ i n M CjI j » j uaJI cLc j «i -y_a (jl ^ i<j IjUkj .CjIjJ.1 CjULa ^1 . .. S iVI 
I ua-JU jJLaj jUL>JI Lj^L>. (Jj_a L^Li. (Jjljscj MjjJI j_aVI " I uajj CjIjJLI 

<L*_l^Ij i _ ;r yj3U,l ( _ ;r 3 iJIcjLC <-4-iJLSJI sLj>-jLLaJI 4-iJLi_iL>J I I j" j &l a ,j-a 

4_JL>JI (j' 31al i,, ii 

(jtJ-C' «S-jJLiJLa iLdJ j j j i .i aj ( _ ;r i I t_uk ju V i_3a_<-uj . mi 

j-o-C- • L/jjIjj (jr^ y La J-^^jj-J J-*^ *Lu jlj^a 4j «Lcj 

-sLg-^^l j j»JL^JI djl jl o r fjuJLa ijj-tl ^ j mi 1 1 sLj_La fj_Lj £ •_ VO 

IJL-jJJ i^J—i^Vlj *LljJIj j «i i tl dll j I o r (^rLc 3j? ^ Cr^ P '^JJ—^^J 
t iljCitl ^-j_^3JJ i M < JjUtl L^JjL»_a £^».lj_lll t _ ;r 3 4_lj>.jJj j mi Atl i_iljLLajJI 

j j f JJ-p »1 i>>rVlj d -»- m Wl i- ij*CIj-j (J^j '(J^-S J-Sl £ *-^-d-^' 

(j-a I uaju sG^L/Jac JuLflj i_JLZJLa ij^t i £-a I ^ uca«j d «i->- mi a j-jtC-J d ii i nLcLa 
La J_Sj2J (jl JL*J mi a- j i f> "i <Ljj^Jlll «LlCJ^/I I i LgjjS j Lgjj Jj-a 

«L-j-CjVI (^ (jjjkJlJI i4_c.jLLaJ.lj 2_jjjJ>l I ^ij «-J _lj_a ,j-a L$j 

__l_ajlj CjLLaJ a-j ^JlJI i_a_ ua __S ^Lajjl 4j| j i II __3 mJJ>Jj L<ta 4jj_ajJI 

.^ YYY ^ j— jSjj ^-j miJ _L_JI ... J____>JI »1 ua r! j-j— ___ !a__lsj 
CjU L_a J_*J C~>.L__ijj Ci i Je mJ Cu j * L)^L_kJI d_al_ L— i__ n Laj i * £j___jJtlj 

JjjL-' (jUL«JI _JJ_ i Lg_i__ j<s__ . I j j a 1. 1 j i ,i tl (j? ju>L_5 ij_LjL___S_VI 
(jri_w^ ^A£ ^L_JI E. Blackburn (jj_j__?}_j iJ-jjIJ-lIIj Greider .C jjulj_>. 

jl __Sj-LaJI -I La— J I «i i uj Lj_i___p (J—i— : >— CjI J » j ua II CjLjL^j (jl 1 A Cl 

(j-a M^f _ «Lij» (j-a j-jLjlj j-aj .(^ A J< miII jJajl) Telomeres jj_ajJL_^JI 

(j «l i uj (j^>- jj-aj)lj"tl *Lb (jjC (Jjj i iJLlj . i^yJJua j'js _ cL j I-L tjw J^LlII I JLclj_SJI 

(juujVlj 4" i ii tl i^itl £^ « ^ i » (_,<j i^itl (_yic j^Sj iTEPl « ^t_4jj» 

— jJI jajjjVI /j-ii — ijiJ («uj-jl *LLy (^^LiJI j — aVI J-Aj i4_jJLi- Sljj ^ 

(«jjjjl jjkj ^elomerase j ajip j? u < . tl ^ 3_i_a jiaJI 3 j Uf SU 

«Lu (^ <_a^L>«j (jj>La ,jc y>l i .i ii'iVI (_yLc <L;iL>JI SjJ_S_a *LSj JaiLaj 
U^aj^j 4jJL>JI i—il 1^1"'^ ij-aJiJI j»Jl2j £-a LtscJjjG «Jj>.j ,_L2j MjjJI tj-ajl j"tl 



&3 r) -j 1 1» 1 1 uaI jjo I gUcg'ft ir V^llft. iItII 



CjJLaj V IjLasj .Cj^jj jaJ p 1 ... ^ i VI LaL«j 4-iLiJI i g-Sj (_^^>- i'La.jjyj "i tl 

j<s-jj j| -5j^>-J (_^-JI jj tij j ajlj "tl L$J (J-2j V (^pJI d j i n i-»JI L^LiJI 

I /j "n L ial j»JL_ C: (^J>J-J L«-« i Lftjl Js l_$J VI *_3 ^1 al_c j-j^ j OjJL-lll 



^jjLu^Ji AjL$i<ja >a>LiJi 




^ Telomeres jj-a^Ljai jl^j-kJi «LkJtJi jj-^joi— jt-^^e (u) Jsl^ji 



(j! Howard Cooke ti]^5T ' a uu^l^Al ^UJI ^ cry»^ Lj*j^j 

4_lL>JI J i aj LikjLjtJj !4_lL>JI I j j 3 p • •. 2 'a 3j_a (^iSLuJ j-ajlj"itl (J^ais 

Ijl 4j| I jl -v. Ijj JlS (jil .«JlijJUj cL>.j V j joj (j-oj ^1 . ..S iVI i a aj" 1 1 ^1 

jij^vj.^ <tl£j Jl1>. (jlj 2_i_L>JI j— «-c JLU i^f oj— «-c JLU J-S-fl < JLU 

j-Jj— j-a ^^yJ^-jJI p-ij-i! j-oLi ^oLij-jJlj JcI_lL>. <J^-I ijy j1j^oJ1 ^_al_jj-jJ1 I S i < u a 

Laj^v iJml i^i'dl >^Jj l 4_i^l_Uaj j! LijJI f.\ .„n'iLi ^LkJI <Polymerase 

SjIjJ (j^o IJljJ (jl i o o 3 .4_lL>JI j*l i .i <i')l djl o r I (jj fl puJ 3j_a IjLa-lj 
JLSj i^l i .i ii'pU SljUs J-J-C. 5jj^jlXI £ £ I Cj Cj» i_3j^>.| (jl li^a- i2JjJL>Jt 
il J^Lo V tf.\ juJI lULij j^a-T SjojvjI,! JjJlj>JI 2 <Uii; (jrujtl I <~a 

. fjijj |>l iun'tVI 4;LL«jt£ Ijd iljjJI 2 j n? J uaSl lULijJI djij djL^>J ^J^-J U^l 

. i U ii 3 (ijij^il (_gjLjjJI <_jLjSL!I 2j|ja (j^o _ L^jJI Lij-^l (_pJI <_a^j>JI «jut Jlju 




j^ajlj'll (j-o (j-fl-ILicJ < _^ T ZLl 1 i_3j|j^>JI JJ-C »1 aUll JJlJ*. JL3j . Sjj^jUI j SJjJlJ(JI 

i Lg_tlc Jai-LisJI 3jii£_! Sjtjii LaL^iijl j-i^^/l jl=JI Lj}L>. >Liui < I ^lc 

(j! ^ l^j — uJI (jj^J Ijufcj 1 1 — /j A r J^a — «Jlj j»jJI Ja_i — JJL SjijjVl 
<—) I i^j'^ t j-jj-uajlj"tl d IjUj j-a_ai-LjJI Sj j i ^i^ LkLj^Li. ifujj L-Ai alu (j-uIj-JuJI 

dl_o <Jlil 'u y <_i3j_lj (jl CjJ^tJ t _ ? _LjJL^J1 (^LuJI 4_Lvj_a cUl_3 ipLidlj 
J^_c j o "i i uj ^P-II u-tb (j-o dii La l( J^_«JI (j^. j_aal-i-l!l 

(j ■■ i >■ (Jlil j I JlJ JJj-i (j^e-i^ i4_lL>JI <Jl!j a jjfc jjJslj ( _ J _L«J,lj 1 <— i I m -»J1 

(J-A tdtX-i p-1 (j^ * (J^ O'*- 1 Li}L>J1 (jl ^aJ ^LlLa (J_tit_jj (jl dJJj t^-iLt^sl 

' ^-"^ ' (jylil ' aJCJ ' " (3^-1 Jl_J^LjJI_1 S^jL^al «d I HO-W (jylil I aJCJ ' " dJt^ 

(^ cUj_«-o Lj!>Ls~ CiLal i .i ii'il (j-o &\j-a JJ_«J I < j* i_ia^ij| Ot^J ^1 <Jljljl_<i/l 

j_jjLj <J (j-uJ-J aj if> ^ jl j aji j " tl (Jj-La (j! ij^l » j II 

2JL>. jjk cLa.jj>-j "itl f^Si JJJ <J (_g jJI (j^-J J'C 4_iL>>JI 4j>jj>- j "i 

SjLcI ( _ ;r Lc 2_tL>JI 3jjlS 3 jl o r (^ ^PJj L^j] c^jj (_^jJI 2-^^111 j-ajJLill 

H_Jj^>.| 4_2j^_Laj (j^Jj 'OJJ^ 3 *^ l£l>^ (^r^J I ij i 'i A'i JUJLjo 

I liajj I d < a (jSJ t j_ajlj"tl ^1 i t-i ii a (j-uji uaS J I j_a_»JI (Jjis Ijj-C J-Ls 

|j| t j ii" i .i U t_4j^lJI jl SJLjiaJI Cjlj_^ajJLlJI SjjLs La^ .^jj>~\ CjLLl». 

(j-a jlj La^ Si- i j uJLLj <Lja- i ujVl gj_<jij CLi\ h y tiJLui CajL^ 

(j_a^ . jj^_<jJIj j_lj£L1I dja- i n Wl 



_ ajaLWI cuj_u ^ ,m <Vl j jj_^liJI Jj > 'n Metabolism (_>iajVI 

lj «i i uJ iSjLi^a (Jjja-I j!_jjO cLsLtaJI oJUi £-a i^-SLW - Ljj JU^fJj-i-iJtl 

*La (^JJ J>^j L$ia Uj-^- o' («-c-j J F ree radicals 3 >^>JI <jj 7< Zd\ 
Ljjdl Si jjJI « Lo» ^ I aij m j j^i-VI *j_^>JI (j! VJ .£ji-> ... <Tj 

CjJLa* Laj i4_iJL>JI jl JLj>- ' aJb LUajI '- ■ j ' ujj ' ^ ^J-^-*-^' (^r^ J J* i^aJI 
Cj^aj (Jj-i^ - l-lj-a-La _ I -i j ' a 4-iJLaJI jlj^>- i fljjj ^j-LtaJI ( _ ;r 3 i fljj 

Jjj 2 ui II ^LljJ ^-^J l — s ^i : ^^ J j t "n ,j-a I i*C a t |j| <U| C i n JL9j .4jL>JI 

lillju JjU j 'l i2-^=_<-ujVI ^ < flJhJI f jL-t Cr'! i3j^»JI 

id—iLaJI J-a-C 4 n 1, 1 j-ajlj"ll CjLLl». it-lii'^ (j inl'g (j jl . d-jJLaJI J-a-C 

.( YY ^ YY0 ) LtfL-t La£ oLLo. L^f <j£J 

( _ T Lc ^LCa-Lj j-Laj uij 0^>- i— 3 VI <_» j_<-u tiJLuk (j I (__>iaJ« j-II (S-cj J— 3j 

,_p=>j_a cL^a-j se J "i II (jl (J^-J La nnVI ( _ ;r 3 a-^a-j se J "ill 

(jLa liJJ j_£ J-aVI j»l-5 Laj . (j<n jJI L*JlJLj_*J (^yjil <-Lal i n j ILl J_Z_*_a 
Lg-a-^Lual (^1 t i ntlj 2_ajjJ,l <Li_a£LII e juij Sj^aJI ujL^-J CjLLta. ^1 j kill 

j j".f j_af j-$J < j^-T <3^j dn^- J j » n'" jt ' >>■! tln^- dn^- j' 

( _ ;r SjJ V J - ( YYV ) ^LaJI CJSjJI !_j£s J^VI ( _ ;r ic. jj.! Sjdll (jC J J » 1J I fTJ V i UJ 

_ Ljlaj i<_ta-^L»JI ^^laJI £^a JUJL»JI £_ys jj^Sjj 4laLJu 4-JLa.c i _ ;r i jJaJjl i_$J-<-u 
,1 , ,.^'.M 1 ^Lal^ L^alj (_^l!l JL^sJI 4jiiJI S j^>-\ i uli _ JU^LlIL 

L>L>JI ojL^ I ijj i p . ■■ 2-u V _ >LiLa _ jJLI L>Li. q\ u i h »*i . jj^jlII j 

I j j '*> 1 1 j . ..A'. 2 icLUiA «. jt^" . (2_l2jjJI L^LiJI) (^^J i^-aU 2 c 1 1 1 

VI tliJLstJ V liilj 4-^>«JJ iS^j^a-j uJI t_ti=o ^ jJI (jc jJLI Cr i«j V 

<_3j)j_*J,l S^a. j Vj miII ^^-»JI j-Aj '3 j • * II c j >J| 2_iJL>JI ^IjjjLi 

ioJ->. jl (j y (J^-J 'l j r ju>JI £L_iL>JI (j! .jj i u ij *^jL (^^j^u 

IjJt La» _ ^JUj CjLa ^LLaJj-jJI ( _ ;r >.jJj_LjJ I Jji La5 _ cLa.jja- j uJI (jl Laji 
SjLcl ^Jt (JjJLa K(4 Al" ^e-a i a> Sj Q JLa-lj CU£j ,j-alj_ia i ajj VI 

Jj^>-j '^-'^ J-Sij . i— il j miIIj I j i a II (^1 Jj-KJ SjLa. jl (j y £La_aj_! 

i_3jj_»J,I (j-aj . Luj_Sj i n ->JI dja- mjj j^j_a^>. sLiJLjJI <Lj-C. JUaJI sLjJLaJI 

(_Laju ajiJUI 3^^iVl ^ S^j^-jll 3Jl!LlII 3_^ju>JI L>UJI (j' 6^' 

(PJI <Jiyi d "i i „VI j J^Llll a_tia_«J L>LiJI (j^a JLaLill ^iaj^ju 




'a^claJI'ft. iItII 



ij_«j«JI ^ ja£-=tj - f-ijr^ <J£ (j-^-J - L}L>JI <j-Lc ij-«j-!l ^-H 

£_ya J-2_a La (j »" ^1 c 2_*JLjJI 5 j c 'i -^-tl L^LiJI i * 1 I" LUajI (J-a_!iJ I «i 's 

cuLaU_c. j? <ij>^-j oLLual j? ^-jj-jJ 2^_pj a^=_<^. 

Ijjj_c (j-CL».LjJI (jl 4jbl uJI (Jj ua-flJI i _ ;r 3 (Jj-3 (j-a I i «i lr La_£j . I j.^. 

Ltj^.jj" r ..I f£ _ ^Jia (jjiL^£lljJI (j£LJ - La j . v» » t 2-*JLJI «Li-c jl>Ji LOL>JI 

Cjl_La_£ L^-La LLijJ cr-^" p ' " ^ L^jj \ i ~w <g Lfc^_a_>j C' i i" t n U ^3 

(jLtsj-^-uJ jf (_gj < i gj| s l Jj <_j| uaJtl ^ia-^-al! 3_i_^.}L-C 2_i_3L£ 

. jJI ...^L^S-LJI 

2__lLJJI (j! Y • • 0 ^»1 «Jl jrj-l^vLjJI ^yz-i-i J-^j (j^>- <^J*L^». SL^-L-iUl (j£L! 

^ S-^lL». iS^ I <jl"' « 'ijj-^-^' O .' ^"j £■! uU 2JLJLJI 2_j_c:jLjJI 

(_paj-a cLufcLa 43j_«_aj djj/ljjj 4_^cjL>. <LlLs- J jl 4JLuL>Jlj . ^ A ^ 1 J < n-»JI 

4-j>-L>. (^ p i .i -»JLa (^LlILij ij^uLuI jl j»Lj| ^1 Jj^aj jJa j j ir-> a L&j o r 

4_lL>JI ,J_«^5cj La^s i(_psj_a c(_Lo JJ-b liJJi ( _ ;r 3 (_LL>- i_£lj 'l $51 ^1 SJljJ u 

i2_;£.jLj>J! L}L>JI S^^^it^ui 'S-jSLjj-aVl ^Li^ 2j<-aL*j ( V. Zant e^jLLi jLa 

iiIj^LcLjj L$J CjJlj>>j O-al.} La 4_^CJL^>JI LOLiJI t_)j i ■ ■■ cL>.j V j i"i 1 1 jl_i 

jo^ljjj ^jl! 3 'i m,; U <u*. Jlj>JI L>L>JI jLa j-cj>JI ^ j»JlHII *Lul ^ etil JLaj 

2_lL>JI SjJl^j 2_lLiL3 ^JJ^ 1 iSjl—ciaJI 4j_jL>JI CjLaJjJ,! 

2_tujLai,l >Uj 1 ,'-^tl (jiiVLs. (^ Lu»j-uaj. i^jJI L^L>. ' i aj (jl r 4_^cjL>JI 
j! (jSUj ^ jJJ 3 mnU d_^.jLj>JI LMiJI (j£: La j ,|»jdl ^liiAl (j^La! 
• 2Uj uu «J^LjLflj J>»-J J-a J i,i -»JI ^ diJLJI 4j-C:jii>JI L>L>JI (j^. JL2j 
• SLLltilj joJ^/l uli ^1 'C i"ia I (jt a (_^il-JJ 4j>^irj i'itl (^13 Lufc (j-oj 

j»Lc: J< uu 2_i£.j^>JI 2_JL>JI Sjs-jJtjji j? (jLa "«^iLc Lj-^f 

i j ■ a » II cLa-jjrj mi (^Jl (_JjJj i(__>^L>. (JS[ AjdJ d 'j mi i U <LlCJU>JI 4_iJL>>J|iJ 
eJLufc (jl »1 o Uli Jj-Sj JL^u^jJI S-^-j^a- j mi u ]\ LkjjJU (_;,!!! 




&3 r) -j uji 1 1 uaI jjo I gU— gft ir kaH*(LJall 



^ (jlj .2_i^j^>JI 2_JLiJI ^ a^-jJ^j _iJ L_._j Ll*£ I 

3jJL3 (__3 I 'm mi J_ul_JI (J3^i *— 4 tP* ' d J - ^ ^ Ol^-L<rJI J_> lj_uLj j U^- VIj 

jujijo ^4^. Lpjj_ ^^ic j .pl . „s'.VI ^^lc 2jJLJI 2_L^.jLjJI 2_tii>JI 
_iljL_!MJ 3_i La-" i n VI ^,1 r LgjjjJa LUajfj ij^aLilL! LgJLiLLa (^JLj 

,j_ Sj L_ I j "'V. 1 (j I Lu J . I j" 8 ! j' ( _ ;r 3 L^J - _-> >■ ■ I 4_lj>.j L>J I Cj Ij.jJ-1 I j 

,j_ 3jL_ 4j_oJI ,JjL<-uj (jLa j^LjJLjj njii.i-L_j <. u "UI j_s L^Li. 

LgjLs c_l (jlj '(^Lj V j ^. U ii i"i ji_ jl mJj— *-VI tjr it jj y c UjL—uj 

4_) 1 " < .. 1 (jLa I j_I i <CLj_j_i J £u I jJb ij "w 1 Lu^ t mi a Sj— t - t - T i-a 

. L-J^S ,J^. j_uji ,j-a CjLL»-" r .il mJj^-^M ( _ ;r _ '*-^ c - j^fJI ^-J— >JI i^jJ-f*- 

£-a jjfltMI 4_jjjl.». 4j_jL>JI 4_jii_J (^is- <— !JL*J I o ,j a _j mi i_!L_ jjl L»£ 
(J-4j>.|j j<s_>l JL__ L$j| i ^J^** (j-* JajjLualJ 4jc_i_ij I fljlr j»LVI JJJ-^a 

_L!jJ LjjLs.| |jj j»Lc J*C uuj .SjjjJLI 4_l_jL>. 4_iJL>. LpSjtLal 4_i_^>Li. 

,_L_*J (^jJI »L miV| (jLa ij»jJJ 3*1 M! i U 4j__jL>JI L}L>JI (jjfcj iMiLa 

( _ ;r lll iStress 4__j_UI i Ml j cjIjjJ^U I $ <'^j-*l j— > < L$jL__J L_j__ij 
S^scjJij 1 1 ^ __j jujl><j ( _ ;r ic 2_Lcju>JI L^_»JI 3jj_> ,j-a (JjJLHJI ^Jl mJ^Jj 

2_ij_£_,l S-j^JLiJI djLjj^JLI ,j_a juj a c_JL_ ,j_a JJ—JI >l j a-^Vl I 

5 j_c.Ii -^tl L}L_»JI jji—c: J2j i i < iHematopoietic demand j»jd! 

'l jl o r ( _ ;r 3 _ j»j— ^JL Cl l j Li_ > I II L^__Li__ _ 4 o i .i ii i tlj Sjua_>JI 
(j! V| .3 j r jl_>JI 2_jJL>JI i_ilj_L«js (j_a JLjij ^^Jl mJj— >JI j_uj_l!I 

tiJJjj ! j-*J«JI (j— p ' Sllb j.jt_) V 2_i_j^>. Lj^_w (j? (jr^-- 5 ' Q X * 

L^j jjLjj i 4 " j JLl j Sj_tLa_»Jl (jlalj-aVI CjLjJT ,j a » jU jjL_j V LgjV 

Lu i .i -»JI ji^u - I (j "I S c?-—- - , — J-I j.j imJj_>.VI L^LiJI 

. ( ) 4j__> L^J (j^_jJ 4_ii_^ Lj^.i. ,j-a sLjJI ^L_*j 



?4_r^_M_l ^ fiil LU-JI ia J#j taM ^1 I 

ijJoL_Jlj ^_bljJI (J-lIjJLj jjL_JI i_1*L>- (jj-L^-LjJI J-Sj-J La t,^—^ 

LgjV _Uj i^-j _j V j»jJL! 3 S mi UI 2_L_ju>JI L>_>JI (j! Ijj___l j 2_ 

_1_ i^jlll L^Li. (^r&J 'J-«-*J' *>j_l»_oj (jU-^' *j-u__ L^LiJ JLp-jJI jj i^i 1,1 
JL_u . Lijj ^ Y • ^Ij^a- L_L__Slj i2ij)j_*_a j»Ll (J^Li. Cjj^uj ^H*^ Cr^' 




a^ckaJI'ft. il^ll 



Lu! .^Ijj-oVI jjL&j? (^jI m m, m mi Sj-abcj Hartmut Geiger j^jl>. 

,j-a 4j ^-i-a-LJ U, i4.j>.j se j mi II (j-a OJj-ii jJ3 ^ j C j >J1 4_iL>JI (jl (j-taj L£ 
L^j_ufel a i_j-Lc 4 fc>*«l >J I ^_a j «i" i nl,l ^1 ... ^ .V U 1 j . .. A i JljJlaj SjjJb 

i— aj «j U 2 ■» ^. j 1 j ;< 1 5 j 'i 5 jl-^. < La j j <i"i I j "'-j 
p l ■ ajVI --'l ji-a_c (j-c j3Ll!I i aJLUI Replicative impairment -j 

Wl a_|_^jLj>. L£Li- ^ Sj «i" i,, u 

^Ijj _ 3_)_cju»JI o>4 i^ntl Lj>Ls-j '<j>«-!.! 2_t£.ju>JI LMjJlj <^jd! 3 'i m,; 1,1 
(^JUlJLij l 3_L^j_^JI 2_tii»JL! aJajUI eJijLtiyi 

jjaj *l_La-*JL£ sLjcjj I flU-acjj il^-^EJ La^ d AjlAjJI (jjtcLSjJ L^Ia^eJ 

ijJj-S (j-a Ljj_£j LaJ^J . ( _ ;t jJI (^jl£LJI 4^a-j V j mi £_a d U njJ. I V j "ill 

3 A n c I ju ^ j» jJL! 3 'i mi i U 3_uc jl^JI 3_JjJI I jjLij.1 jj^iLa.LJI (jLa 

tiJLuk (jl IjJLjvj ii_jjL*-ill CjLjl^Lj». (jlc tiJJj jr^-J • V j mi II 

Y • j<t3j i iMI dJLLZj uJ jJI ijt_A]| Y j&jaj ^ t —i-i- o ( _ ;r ic I t S 3-a 

cLa-jj- jmiII c) jl nf p h <j J-Sj-U I j-& i4-La Bjj i^iill ^Ij jJI ( _ ? lc'J hjLulJ^M 

t^jj jj> ^ I j mi <, j? >LL>. (j? Jl g~< u i ..I I i < .3_.i_c.j_jJ I L>L_>JI 
__JI 'j» Lc (JS> uu UjlII «_5j_3. ___s 4_ujj^/l <__)jj_>JI j| cjI jl^j_i__j_uJI 

Jjl-j. ^jJI j_aVl .( YT *) ^jJJ 3 'j m, UI 3_j___U>JI 3_jJLiJI Sj-jJr , ,\s ^Ij—VI 

4_jJL>JI 4_a-j_>- j ."i 4_Li_3L__j LijlII «Mjj-a- 3_a^J___ _jj L-j>j _^-»-Lj-I! 

j_J_J 3 'j mi i 1,1 3_LC j_>Jl 3_jL>Jl 3_^ji__L__ S |jJ (jiM* jJI <_M Ml II (jfj l3_l__ j_>JI 

LaiC i ^ ^ 4_l_— jL_- _J_al j___ ^j-oji^ t LaLa_ 4_j_L>.l^ _J_al j_c j_t_ i^_a___II 4JL^__ 
(jj£_) 4_i-j V j ."ilL (_ruil uaJLl (jU Ijuk p(j o r j Ij o r ^ JL3j . ( _p___jJI (__cJLj 
_g jJI j-aVI iS^__Li j__dl ^L_sj___j Q^jL__ij ja^-l La-> i4______tla ("^J-J 3__L_t,l 

jl dij ai r _--JI ij»J-J 4 'j mi i 1, 1 4 j r ju>JI 4_jJL>JI ___3 (j-ucL-j __J| «j___>.jl 
3_ic.L_jl!I 3_*JL_,Vl julj ^1 l 3_ ! __mi B LOU- ^1 3jL«__II ^ 

S™) ju-o^JI 3_j_,LUIj 
__J_- 3jjLa j._L_ii_j (_--JI 3_|_cj_>JI 3_lL>JI _J__ J'i----Ilj 

Lg_^ i S jlj ju_ j ^ I j mi I _-lc I j-_> ! S 3_Uj_>- j "J I ^^_c 

3jJ_- j_ I 3_i_j_L>. 3_lc ju>. 3 T ii_- i Lg_ I j 3_lc j->J I 3^-iJ I 3_lc ^ j 



&3 r) -j 1 1» 1 1 uaI jjo I gUcg'ft ir V^llft. iItII 



oli J^k ^LiJLij SFetal stem cell j^L-JI u*-c>JI £y* i ir jl^>. 

. 4— a. j-je j mi tl £^J._*J 1 j a) J A- ". . ..I ^2 L«_^_a S-"*-^ - c '' T*^ 

£-LLa2L<-uJ V j»JL.U 4__5 ."i i 1 1 4._-lC j-><J I 2.._i.JL>JI (j I (J_9-_2j (j I ^ j Laj i ■■ J j 

( _ ;r 3 Jji_<2 J L C^-*Ja j Lgj ^/ lili j j 1 j "J I I j_c I 



LjMJJI (>a CU S L^. <_p.II 4_j_JiiJI L>l_kJI 4 jUtj o-^Jll s-^'j 

<J£ (jf e>j.£'l j.jJI->JIj . »1 i>i r V I 4_>Jaj |jl£LiJ>j i4_Lj_djJI 4_i-C. j-j>J I 
liJJjj . L^Ji_3c_aj.j SjLcl Jl-*J i4 i n A 'i J. i .i Lj^J._>. (j_a j<jjj lilJj 

j»J Sj.la-3 2JI i-u! (JJJ <_>-a j^yiiJj.JLI 4jJlJL>. 4_jJLi. j_».L-j jjLj 

( _ ;r 3 I 4_jJjJI j_i.L-j j<jj ijaJl (j-^J 4j_a 3a_3-lj 

4 iiaj^_iJ I o ixjb f£ ' L- #J L-S t i n 4_£. j._a_a 4 Jaj^j 

Sjtl LgjJtJ.! C<j i" 1 11 1 1 ^yiajjj. I (jj-Lc 4j jJLsJ, I j 4jjL*J.I 

O I j. "1 r (j^^Jij L-ljIjij l_L|_ij>. 7cj c^aj (.j—». 

^jJI J BlaStOCySt 4_ajjVl jj-uj^J lilli aJ^: tP-JI < Lka_c: 

4_iL>. ( _ ;r 3 Ljja_j| Jl^j L^_jJIj .4_ajjVI i_ajj_30 J-i-l-S 4jijLSJI 4_iJLi.laJI 

^ o^-^JLL f-ljij -, J^_S3 ^Jl .2Ub£LII JL-^-Li 

1 4_ d - i _L > J I 4_^cj_>JI Lg-L« (^Jlj i4_ijkjl_a 4,jjIj. «i " ml 

<■ 1 1 nLi-a (_^aL>. 1 t-i 1 nj Lj^._iJI ujljk ,Jj_so 'i< T tJ>. . l_J UJIj (j-i-U (jr-^J 

( _ ;r 3 j^yiaJj.J.I ^Jl jL»j i4._^a^aiej_a 4.jJlJL>. Lj^.i- (^i! 4.^3 Li. CjL>JL»^ijj 
i 3, i o i o -^e-H-a C^jl^ 4jiJLj Sjl^-lj 4jJi. £^j0 j. T iIaj^j IjSjkj . 3j._ij£ jIjlC.1 
4j Cj£L-u-«I j i<->r JiJ 4 I r~i I r~i -kuX I Lj^LiJI ^Ijj! Jt!-*^? - (J 'T*-* o' 




'^jcjjJI'kjJLaJI 



£ _ £3LJI (j-ucsJI ,jjs 3_i_c JL>JI L^L>JI (jl <j-\IL>.LJI (_>ia-*J (Jjj 

(j-aj <_i-Li_L>JI ^ j c j >J1 L^LiJI (jja J ■ a I ( _ ;r jk _ (_Lvj>JI 3jLgj j^uL-ul 
LkL j£'j> iZj|j_>-«-« lilllaj ' La i.'i i uji LgjT lili j . 3i- jJe_uii]l £^J-C ^ 3jJLJI 

LuL Lul jj L*_aLijj lilWi L}Li- ' uaj! L$jV ,^£1! < Antigenicity 3_l^LUI 

4_i-C.ju>JI L^LiJI ,j-a VL». ^ i ii -w | Ijuk iCj*L>- 4_La (_gjJI mi ill 

L^LjJI (j I I o $ .d i k^i m a ^1 L^Jj^o (j I ^\ ^Ll^o (_^iJI 4_ j lL i -L > JI 

liilj J ijaaj jaIJIj f.\ i nii'iVI ( _ ;r ic Sjjls LjjjJ tlr*-l»«J1 o-« 3_lc JL>JI 

Orj^jJI (>> ^^Jl L}UJI o? S^ji^JI L}UJI <_^l 

JL3J < La JL>. ^1 ApOptOtic g-A j_JLI <JU j^i! La jl_2-a LscaU liJJiaJ J-^LJI 

ati.^U L}UJI L^j y^uCZ ^,111 Homing SjjjJI ^ 3_ui. jj\ 3_L^Li. (j? 
(ji-i^><JI (jr^ j»jU 3 'i mi UI 3 j r j-jJI L^LjJI S»l A £ (j mi --.I (jj^j ^juM 

3_L^jLjJI L}LiJI I j-isLJI cry^H L^LiJI ^ Ij-^-^H 

3JU. ^ *L2_ill L^Lkil Lu uli J^lsf Llj 3jL>LII ^ La jjtj l 3jJLJI 

. r \ La * 11 a lLsI mi (II ^j-a 
i Li_i3 L^jjJljv (j^o JaV <lo(ja cL>-j-srj mi 11 q) (j? ,j^a JjV (jSLI 

^j^a JjV 4-Le T tj > . (jj-Ai^ t^^juL>*l\ fjy^ 4j»^aj-jJ1 *Jl)L>.jJ (j?L-' Cr^ c ^t--aj-J-a Sji^v^a 
(jjSLj (iLloJI I JUk itLLa j-ii (j-J mJ jJI (JlijJllj (iLloJI ^1 dJJ j -Ij-Sj (j^>- L^-C J-^J 
cLa- m)! JjJlj>>j 4_l!Lv«-3 1 J m-^JI L^L>. jj^a <4_JL>- L*_aj_j_aj I aJaJLo 

JiLi^tUj t jaVl ^1 3_4jb 3_lLvc c.Mijl 3j_uijJI 3_j^j^>JI L>UJL j ,h »11 

_aVl 

J*\ uu 3_^cJl^>JI 3_lL>JI (jl Jj-ij (jl ^jt-i" i n't (j^tia IjJ .43lj jus- jJLulH 

jj-a < ?in -fcj (jlj t j mi H j^s._|j (jl ^jU*i m") (j^Li. (JSLvuJ 4_tJLuj>Jlj j*Lc 

. LaLaj Lj^-^Lc jl LjJtla ^jU" i n't V (j^Jj < L^aVT 
t3j^) mi -»JI L>LJ>JI Lj ^ S.lj-^.jJ.1 3^a_aj_JI eiut (j? jaJLo (j? JjVj 

LjJI (Jjis (^ j^a^Lj CjJLjaj I g j j i uj (jiJI Vj i^ill cL iL a- r j 4_i^>L>JI 



&3 r) -j 1 1» 1 1 uaI jjo I gUcg'ft ir V^llft. iItII 



<La- j V j mi II d jlr (_£j^>«j V LjjIj (J-tajjj ,^1 . ,. S '.VI 2 A ^ r *Lij| (^ 

(Jjj i .i 1,1 jajjjVlj (j-a A-j^V i n-»JI L^L>JI <-^-iJ-^>- L-a^ i*LajL^aJI 

_ iJl<jjlj>JI ^ «Lis - iTelomerase jl j-^jJ-l!!! jjt iillj 

dlL-i-r'. i*L_iiitlJ <L_uljjJI SjLLI ' fl-C I liaj *Lij| ( _ ;r i (__>^5L>. (J*C "n (J a «j 
- ' ^ 1 . 1 1 4_d_ax. L^lS <_£j^>o ^^li 4^Ja-Lgll ^iaj^jtUll 4 i ifuj 4_tl_4Jtj 

<^£. 2_jL>.I I jla ^ (jj£Lj jJsj . Iju? Jij V JLc " m a <U ^uj-iVI I j-* 

^ «1 i n "i L^LiJI (j-a j i n -teJ j_«J j»jjjj>JI (jl (JjJLij liilj JU3-j^ S JU-aJ>JI 

<fj-£ L}LiJI I g j a ^-j i'ii V l 2j > jl£iJ| jf 3 j ,„;-»JI L}Li»JI 

Ijuk ! I jj^C L^ui 0jJL^a_a (jl£ jj LLfu *(jr^=J L&s LjjJI (^LilLj 

jj 4jV liJJjj it-jLjVl jjj VI LgjJU V JUu ,j-aj J-Js (j-a a^S^j JLc (jiala 
iL^L>JI L$_l3 n<i m 3j_a J£ (^ 3 A t nLilll L£L>JI LjjJI ( _ > ^Sjj <±jJlj>. 
(jl_£ 4j| it-ij i n j i.ij nillj ijaLaVI 2_j^ ui j tl ^Jjlj j»a_Sj La 

<_3JL£J lillju LjjIj JlaJ (jl Lal . JLlj>-^I ,j-a (JjJ-3 JL*J (_)^3j ii i_i ui 

t_J-aL£ Ljj J-aL^ (jr-i-V i"i (_^ <Jta_a_j_a £llaL£ SJLvujJI Jjij jl Jj-^ajJ (^1 
JUa^JI Lj^Li. (jl (_gl iOJUj»^. (^ (J^ I |jl £LL*j>o <JLal^ 2JLjijj 

: 4 i n A'i C^jJI (^ (j^JLjij (J-aj>«J 

. ^ja ,q cL>. ya- j mi 3J l_*_uj j _ 

1 j ■ aj 2JjjiaJ| 2_j^j^>J| 42jL»jLLjJI i 'l .'-^"tl Jljvjj cL<^_aj IjjJI ^ 

cUljLi d o c I ***' 4 3-jj-a ^ j 'j a i L^jl. CtJL>. (^yJI 1 i i^w CjjJUj J>j1>J1 Jl>.jj 
(j-oJtJ J—oLjj— 1 4-il i^—oLjj— 1 a J *J I o ^oljj_l .mJjJlJ (jl (jjJ (j-a Lj_L>.lj 

2 jU r dL>JLI jlj_u-ajljJL!t («uj-iV Cr''-^ L " UJ^' jl"- 3 I— aj o C J 
Cu mi (jl J I i Ijijii. Ljjijl I jLa idlof j t>-><JI I j^J (j) t J>L><-!l-3 uJI 
jojpyi jrj^>- J^i — c (j^o Jj-laj (j! VI l_u_Lc I — < — 3 j — «_c Jj-U Ljjj! (jl J-fl— 3 
,J^4_»j (_^lJI <U-y->JI 5_aj talX I 'Ll-sj (j£. i.^it j 'i d i n O^jJI iM^j-jj-uajlj"tl 
t_y£ l-y-»- 0 L»--tIaJij tiJLLik (jl JjV il . Mjj\jj_^jLjiJI t>->JI I jLjfc Ljjj_al i 




a^ckaJI'ft. il^ll 



P_.kr.tl I jjtj iLub }LoLc (iLlJI L yic o^JI Sj^KiJI 4-u^JL>JI Lj>L>JI 
cIjLLl^. <.-.< uu ^jJI Genetic imprinting ^Ij^JI j-ojJI Sjj^ua ^ ^j-l^ 

jojjj^l IjLjk lUI mi 't ^ 2 j nn->Jl Lj}LjJlj plUj inti Lj}L>. (>u ebi mi 

JjljJt£. i l_«_i_«^>. I j Lu jj-iULi Ij 's i ii <i t cb J i ii £L_uLLsj_<jJIj d j i ii i-»Jl 

jJijl ,j-o ^£>ij ^ Jlj) l 1 1 J <— il j uJI J-<-"J Ij^v i nol jJa (j^jjSLj i_3j_<_u 
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\ <\<\<\ f uji 

U_a Lu „LuVl oVtfj 

j_a l 2.._ T uLLaj > jJI Leeds jjuJ U- e LU*. 



V L 



^J lOocytes o I <>>jj^JI rL-liJ ^> U'i . .a 

( __ > ia-i-j. J. I (jLfl 3jUJl_>JI Lj^U»JI ojuk £jj 
i t-i ii a (j-uJ-J *jj_JaJI ^ SJL <_33_<-u CjJU». Laj 

^Jl L-^L^JJ ^-SljjJI g^Uj—JI ^ 

J J— u i! ija__j_Z_*JI jj_sc_«JI SljJtl ^yia — j i a 

3j jj >JI iJU o j_jLj a S I gJf 

I g 5= a ^-jj'T ! :>J ^ ""^1 ^ ^ "J I 

J' 

i Reprogrammed .o^-a j.j jL_»j j^—jI j^JI 
SjLcJ 4 j mi" 3 A o r ^ylsi i_aJL>JI ^Jl 

^IL». jj-^c ,_^ue_<iiJ *ljjAJ «i i_i m Jajj_£u 



4_j_^Jlj>. 4_j_L>. J_^>.^j <jl» 
II Lji^. Ju JL^JI ^4 




'a^claJI'ft. iItII 



JJ.-2J (_>ia-J Lj X I OJLik C^-3-lj (Jjl-iJLlJ ii— 1 1 j mi II J I t i^i 1 1 4_Ls- j_a ^Jl JJ-JlJ 

^ "II 2 U ,~, ;tl 2_|_Ua_oII L_j}L>JI u j a> j J ua_a I a ^ <t . CjL-UajjjJI 

(>a AutologUS) I j A", 3j j_^J| £j a J—* " jj 

Lgj£L!j Allogeneic i_£>^i-f 3jl j , p^j-j " «J^L»- i(Lg.La 2_LLJi_a 
ojuk JJij 4_i-c.j._Ju 415 i u 1 <JL>JI (j-Sj i ii II (^1 j.^LSj Lukj SSjLJu 

.oVUJI ,_<S L,}UJI 

W c**- j*f «#iilL t^Ut gtU 

Johnson Bagley^i-ij ^_>..»jj->. ^_u.j Y - • i *L*JI ^ 

4_i_aJjiJI «j._Ju2Llj» "LLsE-a 4_ijje_! 4jjj.} ijjLsjLi j^jcjJI 4-Zjj.j3j 

Cj Lu JlJiJ I (_^iijLj_a (jl C^j-jj 2J.ll tiJLuk (j J Lg-jjj Jj-Zj uaJI 4-*jlj 

j.jl_«JJi} p'"" '"' i3j._Ij.£ 4-J.a^Jj.-». j! 4, j r ii i -v. 4.-LC. j-». Lj^J.-». llllj.aj 

<_3 Ovarian follicles 

1 a JJ ^ ^ I JIjJI-5e-jJ 4jjiIaJ,l Lj^._i>JI w La »"' 
(j-aJjtJI (jh l-i i »^11 4 Mi*»JL_a £.jLjj ojufc ojLSj .( YV " 1 ) 4_iJL_JI <_ 7 iuVl 

UJI j» Ij^j 

OjLj jJLC Lgjj JlJjj ^jj^M (j I 4.ijjls jjJLc jJLa jal»j £.-i.a^>JL3 . 
2JL>.j._a « Ljj I ( _ ;r 3 j jj^J Jl jj - 4_Jajj J 4j L «i i .i-a-a. J L5j .. Cj I liaj^-jj I ^.a 

(j_c £r*-*-ll Ijuk t ri Sj SjVjJI J. *jj ja-s-j (^,-3 ^_Lj_L>JI ( _ ;r ^LjjJI 

jJL I (j La £jJj J I JI-lC J ! I JlJ I Cj l_Jajj_jJ I ,j-a ^jj-* O J>^~' j J-*-*J I 

^^.^j 4jj.-g.Ju J I SjjJlJI LiJlJ^. 4_LL»_a jjji liJJjj l_4-g^>-Ljj| 

4jjJij ^iLcij j»j^_aJ, (j-u I j 

Jlj Laj Vjj^a 

'6iJj' J j-bL^ J-^^l JJ-^J' jaJLtJ jjJajJI 
g-i i n 'J I ^.t-i m (_y 4_j_ajJj._». 4, j r 4_iJ_i- Jl_3- (j I La I . Lj Jj._Sj 

^A^~c-lm2 < Ovarian surface epithelium (OSE) ^j—i-aJJ ^jL^JiJI 

JLjJLjjJI jjJ> Ij^jj 2J^a_jj^»JI JlJJlj>Ji SjLcV 4_aj>lJI CjLUajjjJI ^LjjJ 

. Embryonic germ stem cell (*) 



Granulosa L^u^ ai»b« a_jjT o^l^^ 




*4 \ 




,J^j_>u V Sjlj i ntl (jl Ljj-^i ujUaj i ntlj Jlj>JI 2_lL>JLi (^LiJI (Jj^-aJI ^^3 

i a I" ^ Spare (^Ll^l jL<Jl£ 2j I n a ^ jo.1 j jLUI (^o.^ 

(j-a (jljLUI i fil'n LoJlIc (jSLI . I $Ac iSj-^ Ur^' ^' tliljUoV! (j-a Jlj.Ij 

I oLa iSjujVl 3jl j mil <^ljLUI 

JjjJaJI (^3 3 1U »tl (j_a e-3j_^JI I J_i! tiJLjfc (jl_£ U ^IjLUI d *->jl j J «J 

j' 

^U" i ii j joJ j« o i K-i U (jl LlLsj ! jjJ,Li t;r iflJI L-yji-j ^Up*' <— i L-^- 1 j I tyiWIj 

3 J <<e '- ' j i ii.i liilij i JljvIj jLj-C jLlsI (j-a Sjlj i uli J^l j 4jxI i h a j_j_3jj 




a^ckaJI'ft. il^ll 



iiji^ej V J i h-»J1 (jl JljU . 3j_u£ 4j 'l i — "alj *LU£j 4-ut-u-uaj CjIjI j"r V cLa»l i uli 
j_i j I taj * 1 l_u L>. jj-^H ^ * ^-^J"-*-^ ' I j i ii 1 l_£ (j 3^-* tl) i y ' 
(_^>- jl I uajj " I J i .i -v *Lj-3 dili Cjjua. ijui-T ^j^-- (j-o oJlC.1 i hU 

(j i h ~*-lj (j-231 ^ (Jj-S (j-a l_La_flj1 LaJ^ dJL!1 (j^/ idJJj c_ij»_i (jl— £ Laa t ^— L ^ ja 

Sjicjvjjj (1)_J^ o' V^^i (jr^'-i-^ 5 "^' ol (Ji-^i J) k' * M I .4 ala- 

j-al_jj_jJI 4_ujjl i_3jj_^v (j^a 4jj "'C a d)l Sjio^vc—aj i 

L^j j-^j4^ '6^ ■ t— » j taj m i^-jin") J£ ^ jijJI Lj}U*1J |»UJI (jjIj^JI 

(jlSLaj Lg_JI *b»-L»JI JuX. u ii j<i-»Jl LgjlSLa (^ _ SjiaJ^o-a ifVi (_gl _ iUii'^ 
_ SjL uJI jLUI _ a_AiJI (jcSLl j i>i «n «£j_«j)> (jl J j ii a . LaLaJ JiJUie^aa CjjIj 
i_i3oj (jjj ,j^a ^oIlj Ijuk (jl <L>.jjJ t^j t ir~i W L^jlSLaj (^ <r ■ i£j jJa d-j-a-SUI 
. d Mii^J^a 2jc_ij>. LSLulSL^a fl ijjjuiej jl d-j>.lj_j>. (jjj <j-°J j_Ua_«JI J^i-C. 
d_iiiJI ^ ->>».>U cjlj^ll J-alj>JI (^1 l-ij-^-l La£ ^-li er 9 '"^J 

(j-u^^-a 'U i gj iJuuu2*l\ »1 i>ir I (j-a L«-ifcj_Li£ t(jl i^ijjUj . i .i 'i JSL! cUx.jL>JI 
I (jiaj iL^>L>JI (j-a i M"Ma <-Jc-«J (ji. (J^Lvjj j ir-i ^1 ^LLso (_^-!l Lj^LiJI 
^^_jj>. *j . * ^ ±^>.j (j^a juV (jl^ Lufcj Cil tJaJjjJij i ^jj >JI l_i^L>. la H * 

4jj 'jJji ^j^-j jJ ,1 (jl (jil a j j 1 1 1 4jX.JL>JI Lj^LiJ I J-Aj i Lj^L><-!I j-'-y 

jjU'tl SjjJi_j 'a (jjijj i_iJI jej J3— 3 k-^iI liaJj— jJI Lj^I i- (j-a C^jIj JJ^-C 

d i o, ) 'j tl 1 tt t_iiJLit_i cL_tSLIj t(J^_»J1j (j Ia * U L_iiJLit_i JaJa-3 (j_u_Jj i d L o >JI 
J^-JJ ^ ' Lj^>L>JI (Jl! Ija-JjjJ (jjs (jj^- 0 (jr*" 1-1 1 " "?* " C^^' 2jJ_ot>JI 

!(joSLj Vl i ( _ ; ^Lj1l>.V JL>.Ij 

Bukovsky A^'C ,., 

2_Lcju>. LjM^- ljr it 3j_u£L!l L^LiJI «jut (jaS-^ o' 'j-^j^ 2 - a ^ jj. ^ 

\ |j o az -tej j_i_aJjj (^,1111 iSjiLJLI sLUaJajJI ( _ ;r ii j-a^l J^'j Cr^ I (j'^t ' £ *-d- a >l>^ 
sLSj^Sj ( j Uji (jau^ijaJ». (j I JLu -(J<ijjU ,j-a L^Sj^is (^ (_^-ikJ j_o£L!l 

4- LTb e_iJI p (f t ^jj (jl IjJl^j IjJjLuS i^jL-a (^ > n A'il IjJL>.j ji^jLii ( _ ;T lbe_jJI 
!j<sJL»J,l sLjajJalj J-J-C.J <-Ua-aLc. (j^ij j U <_i^aJj^>JI £l_ic ju>JI 4jL>JI (j^. 
ii_u3 r (_yic Lu-ulj I jlr I j 1 1 ^ ^ (j-^' ja^*-jLlj lj_aJUk (jl IjILAj j<sJLs I jJ 

Cell a-AiJI aj^a, i | 0 , 



(J^ SjLjJLJ (j^Lal i^yS I mi i" CjLjjJClII d ' *** JJ (j' ' (J ^ - .' ^ ^ Cr^ £ ^!- a i-l> J ? , ^ ' 

3.5j-3.jJ,I <_i_a^jj^>>J I L^L>JI 1 AjJLua^a Cjl_Uajj_jJI (jlj i(_pajLjJ,l (j^. J t 1 II 
CjI i^ijij^JI (jl m£| Injili (Jih^ 3 (j-^ O-^W^' L^l Cr-^ L^jTj i^>l k <tl ( _ ;r lj 

!fiU_aj2j Xj . t, I ( "^_a (^Lj V 

Lo*1jj>. a 1 "»**' H (cL^jLlj jl m-wLj ^Lsj Sj-uJU 4jLst_il (J_t-a1j (jj i u (j^ 
w La «" - <U_ajjj^>J I *LlL>JI (ji Jtjv^S itLiJLjJI jLaJI (jP-il 1 J .' ^ (ly 1 

(jSLj joJ 4_Uaj_j_jJI j»j_j5cj ^ I U . tl (jJLl (j-o ' " ■ fljj > I JlJs _ Cil itajj A\ 

,_>isjL-jJU (j-o -> I b. « 1 1 (_j_2j f_yl\ <Jl!(:L>. Lg-iSL! 1— «-^ p I tajJI (jri-i Lt j J a 
<LLajjj^>JI 4_lL>JI C^vjjs- (j^>- liilij ! LgJ 1 U U V o j Sjij i^ria 43jL^axJ I (j 1 uni 

(J-^ O.U-fl jJsj '(J^J .'U (j^- Ij-fJ-^ Jljljj jJsl ^-a ^1 Cjj_sLu/j 

d I ir~>jj_>Jl (jjiij ^ i>i itlj j^i/jJI 1 ■'•.t n (_^SLI (jSLI iljijl ^jJI jj-^tj 

f_yjs j-x-fi "Li-ajJj^J I tL-iLiJI Lj-Luj .Sl_i_>JI £j ts-i J < rit £j|_)_jtl! 

(jiuu I (jia u n jj (jl 0 <j j U tl (j^o djLs i3j>j_«JI joj j-Ualtl (j£. LjjeJ JJ^ej 

Jl3j t J 1 "->JLi LajJI (j^-ii J 1 i_3j-«-u I «t^a (_^-!tj i^jJLi 4~t nt~a Lj^>LiJ I 

cbf (_u 1 „tl jjk I jufcj i L^j «j^Sl^La Niche SjLjLs SK 'h ^«tl ^ ju>J 

( _ T ii (jjs 4_i_ajjj^>JI tLiLiJI » I aH_a>- 1 joj a j 1 1 ,1 SJtjJj . 1 1?» « 1 1 ^Jai ( _ ;r 3 Lkjtjvj 
. jJ_LsaJ,l jjti (j <-i j j 1, 1 jjj t Ltj^l 1^ a (j-^ft (_j S itl (j I ( _ r Lc J-^' ta-«-ll 

jjk _ (^"Jl (jjLSLIl j loj. ^ oj-^ Loj _ ^oL>JLI c ^jJ9_j_JI 1 «I HlVI Ijukj 

l^'s miJ ' d ' ^JJ J 1 1 I mi i a ^jfc ^LLajtJI (jy-ia-i (j! jj^iajj t J^r ♦**< 1 (j^ i u i^jv (J-*— C? 4 -^' 
^j^l d r L J E- L U jjg I j jLcj LkjjtS I i>mI oJLik ( _ ;r iij (_gjJI jjk 

Jl>.^ L<i£ t l _yzjjX\ 1 4_iv0^jjj>* 4_iX. Jl>. c LxL>* i-ilLlA (jl (jy-^J t V * * 1 ^LtJI 

cLLiaj_jjJI ^Lljl djt or t^jto uj (Jj^l t^j-ij "^p- '(j^ijjUj j»LLk«JI ( _ ;r <lj (ju 4£^>Lc 

(jjs ^J-=^ (jr^' ''^P^Pj-?^' c ^^*^' jj-Lj (jl (j^>-4J (^,-0-3 itU-uIjjJI o jufc 

d o j 1 mi tLiJaj^j ^1 jj^sLi. 1 U miJ L^Jj^eJ joj '(j^J j o t t (_gjl (jt^ tl 1 ntl 

i>iitl dlaL^ cjLiaj^jj ^Llil f_yjs jjiijLiil (_Li-3 ^!>Lc LljSLxj jJa I jjj itL^iJalj 

.(jjjJI j*J ii'ilt (jisjLil joil d K mi a (_^Lc i_JJLUI Liiajlj 




'a^claJI'ft. iItII 



Kitai Kim^^-i^j Kevin Eggan oUul ijryL^ j^-a j>jL3jLa 2j>-oL>. <y3j 
j^JJ 4_JjVl 3 j ,,i ;->Jl Lj}UiJI cJa-^*J d_La M;jJI C, j m i, i U ^1 3jj_«JI ^ 
j-j-4^>. I gl^b mj^o cr^' tEmbryoid bodies 3 g j • £, ^Lu^Vl 
Y 3jJ, cm»" r.tU 2^_u_<i j»Luo-Vl «.LSj SjJia SJLULi LaUaj t Lj>L>JI 

«t_j_a^jj»^>J 1 l_i^L>J1 (Jj^t_jJ d Lj_ol_La ^-a_i (_La1^_£. «Lal—ua! £_a t^ul—i-ol T ^\ 

(j-a (jSLJ ^i?-'- 0 ! ^L$-^ > " Lr^ ' a "** J* • J-p-^t I ( _ ;r a LgJj^i (jSLa-i S-jj-^i 

j' 

(^IjjJI t_gj~i t o U ^IjlLal C_!JL>. ^ i i II 'U i aj. La-u_>- <Ul Ji-u JJjjJI 

. pjl i .i ij^i>- ^ aji i n d j ' a 'r i 'LjL* - CcyTuj I o ^ i a (JSLI 



Follicular aspirate <<j4dij ^ I kteJl yUi( ^'^1 M^' 

Immature a^t^LJI 

1 4 jll ^iJlj .a^jL^. L}Li. yJI UJj>^ jlSUI LdJl«j (jlJ! ovarian follicles 

lj a iljj . Ci}4 i-^Jj >JI JljJ >J aji c! (_>^jl }X\ 3jJ o a 

jj^lj Li.-vll a^sUJI j_ui 2_lU2_lJ,I ajLaj^>JI Granulosa a_£ki« 

La u ]qju ■ " id— J.> i ii -v 4_j_ajjjj>. l_j^L>- J a^/l d -^j ljr J& & Lj^LiJ 

l_£j*_aL)j_! w a SjJ di I b a" L&jjJlJ ^jJI i2_j-ajjj^>JI 4_j_c ju>JI L)^L>JI Jlju 
lLIIj ja^JSijLlj (jic I j J j uu i n I j i4_aLc S-J-C jo. Lj>L>. ^1 «Jj-nJI m>-^Lc (^-jljjil 



<La- 1 n 1 1 <b Cm u i ii a pLIajjjil djl i n'a,j.£jj (jij^jjjl JLa Y * * ~\ (Jjj-jI Mr 3 

^ - ' St 

Ijjlm u£ J I J-^ La 5>ja oJ*ju-u (j-a L«jijL>.| <L»jjij| CjJls.1 tQ\ i'nii a 

ajjjJI 1 ^ ir i~i<t-iS'il jl (jj/l—JI j i n 1 j^o j^s-VI j ^ i"ill ajjjJI «Jlj 

.LiLIjiJ «Lj^Ls. diL>Jl_«_a Jljlj d-Uaj^jJI ^ylc I «i a J ir^i -kj jl ^1 l-i" i n I ^ ."ill 

tj^ij j a j^ L>L^ j^f jA^.LJI j^Lsj U-a .Totipotent cj! jJl^JI 2±aL£ 



Primary folliclea—JjVl 2JL^ajj_^JI jj-^-j j»j^_*J . V ^iJI S.i j mil 

^3 _ i n 11 ^£ L$_ajJij t. < 1 mj L#la 4_>uLJl 4_Jaj^_JI 1 * * ■ >»t 4_^_jjj j| 1 ^ ■ < ^ 
1 j_a 1 X g i Jlj3 LLlJjiJJ d ' JJ .' ^ - 1 U <* V I ^ ^ j >.j "I j j " >, t I L^jLjJlLuI 

«Uiaj^j ^1 sb^/ iLuIjj Lj) Jjila tjr^- ' .Jj ' j-4 (Jj^ ' C* "' 

* ( _ ;r Ju]| j i(_fj^>.| 3.1 j 1 11 {ja I j (Jj_^a_>JLi LuJJj LjjIjj 4_i!Lje_a '■"< 1 n jlj iLjia 
5,^1 , ^ 1 1 aj ^1 U -L 1 1 cii^K mi 1,1 j ^^LUI Jajiill 2 K mi a 1 j^o i_3j_>JI (.j-jLJI 

.( Tn ) 4,Mfl'i (_>iaj>LI ^ Degenerative diseases 2_J}LtjVI jJ^\ jJUj 
,«Uuif c^w ^ <u1Ut «««ittJt 2*liJI 4* <y> D UU LU* 

l(H» ( _ ;t 1jvL ,j^o 2x. j.a.je.a ^L>o (j^- <Lllxj <L3jJ "^J-^j Y * * 1 J^L- 0 (jr^J 

Sj^. jij>JI L}L>J1 Jj_y><j t_y£ f><3 ->.L>o iS_uU^/l ,jj5cJjjjc. SjL-oLtj (jL^jVI SjIjj 
a jIiiiLis L}Li- Adult bone marrow stem cell f,lk»ll ^ 2_iJI_Jl 
d-^j^JI a_iLiJI cu La l^iiJL^I (jre>- diljij iMale germ cells 2j > £:> 

La jl 4jtJLuj>JI 4_t2jJqJI j^>-l^>Jl Lfejj i nCi i L^J Sjjji SjjJa {_ya d-iJLiJl 

a_jl>Jlj 2 jlmLuJl L}L>J1 (j^i }L£ (j! jai-j u lr j ,2jjji!l 2 j i^Licj i-aj-jy 

Lufc (jr-^J I j ... A i 4_tij_L>JI 4_2_jJaJI ^1 (jLj—oJLu ^1 U.tl ( _ ;r 5_l ,j^a d_LCJU>Jl 

u Sj (jjs 3 «JLjJI 2 j r j_>Jl Lj^LiJI (Jjj-^o (ji^Lal (j-o J I ib V cuLa i^j-ojij-J,! 

mJj-uji Lj^j (Jja (j-o Laj^. Li^ n_£_>i-l ijUjiv d ri j U L!>Ls~ ^1 ^LtuiJI 

,»Mlf gUc ^ jaJI <M'^t UUftiU «AMri LU* ftl^l 

(^jjIjjJI Lee D. R ij^ ^ jjJjSjJ\ (jSLaj 2__j_^a^>JI ^-j m 'i ,j-a 

Male germ stem cell-like cells 2JJLJ1 2 TH a J j > >Jl 2_j^jLj>Jl L>UJ1 a , a 

(GSC-LC) 

l-u-c <_u uu gjJG ^1 ^on-obstructive azoospermia 2j_o-La <^LIj_j^>. 

t_y£j L^LiJl ojuk <JLijL>.| di! j Jlju . d ju j < n ■■>■ ^^3 I Jtil^ IjljLjjtjl (j-^J (jry^" 




^^SLa La_a J* t\ ' * >.| CjJlJ>. jl 1**< 4_l^_J_ll cL_Ls3JJ_l ^^yj! C^USJ-C (j"^*" 

Precursor cells (frttll 4J§flt LittJf 

4-l>JI _ J j i <a >J I jj-a j_iliJ,l (jj_uUajj_i »1 air jj-S-ftJ Y * * 0 j»l_*J1 

^l^j^LII 4_*iaj^_jJlj ^j-ft-j-^JI (jji^. ^Jj , * -w T I \1 ■ 2 " • - " 1 u£[ a i La . <L*iajaJ 

(jlSL^I ijjLlill ajui (jja <L*Jj_uJI JjIjjUI jj-aj -«Ij^l u .!.' a J 

Jj^UoVI ijj^- j)J « J t-»" ' mJ V JL>.jJI jjiuuj Cj|j j . nll (_>i"J (_)-«-><J ^^jJI <— il j i .iVl 

. 1 <j < j i i n~ (jjj (Jj-^ liaj^JLl «ijLuJI S_aL" -i I J-° J I 2JjLja jlj^ -5j^>-J i. i j . u\ 
dilj_Ju^>JI j dibLiill di I JljU-o JlLa <LuLl»jSLII CjIjjJJ,! (j I (j-ds-LJI jjiiAJ J^>-J JlS^ 
(^LUll (Ja-lj—a j j i ,i J_3jjlj iCjLjj_aj_gJI (_>i*J £-<o L^Jj t ii a tbl mi "i"t ^^jJI 
i3j_jj>.^/I Lflla» Ij " 1 . . isLUajj-JI jl (j_«_<_>JI 4_aj^UI d j» J *^JI 

^ uS[ < ij (_jjJI j—o^l tfijl 1 .ij j»b J'v La^ijjSj d jl a c Jl a Cl 1 <i\ j-Icj LdJjjj 
■ A,\ jl <l J i^a -»JI < ■ 1 j uaj (jllaj-u ( _ ;r ^ jl y!ir jl t2-itj ,"i a jL_Jlj_a (JSLjj 
4 -J -»JI (j^a 4_jiaJ4_jJ1j (j a j -»JI Jj— >JI ^)0_>.l_ill jj^-CJ jj-^J 

illu,! Harry Moore jj^a t-culaJI J_jij L«^i j^>J.t (Js ^4^" 3.y j--vJI 

i_3j^_jJI ^LlILij njLujVI ^ 4 1 ua -»JI j j j U (jjj^j Ijlj». Sj^LjJ,! (^LlIII 
^yk. i_3jjaJlj .ajimlnJI LMitii (^ukJI (jjjSiJI L^j «i; ^1 jjic 

.ibLuail ^lLuLhII b>Lk!Li L«iijl-S-4J JLUI 



Ijj^bj <j£ Oct-4 ^xaJJI J^iLc Ij^oid^l oiJ j ^ Y "^ Germ cells ^J-^LoJI 




Jju Lk^jvj Ur^' Jt^-J 4 o 1 nii il,l 1 ul>JI Lj^L><J1 (jr^ 1 ua> ,j^a 

(jl »1 Laj 1 4j| Hans Scholer jJjSLu/ jjLk j£! l 2_ ! SLj > aVl LuLlkuii 2j_aL>. 
2 jU r (jl Jl_u ijt_i! 2_lI;UjJI 2_j_ci->JI LjN_ >JI (j-a 2 i^na-Jl J ir-i -^j 



Endometrium f»»)lt UUu <M'd*Jt 

Endometrium^ n < ..j La j! ^jJI aJiLUjj <S 2_jyii. ^Lal ■ . . ^ M 

i .1 dJLSLljvl (JSLJ (_p3j_«_Ij fl . i ii n mj p i n ii i" t Ci ala, d iiUia i 

I j-I i*Lu SjLclj j»LllII (j^o I Lloj La £-a (j i'itl SjjjJI *lj^>- (j-a 
Lj^Li. (j-aSj l_£>j 1 5 o i ii 21X1 Lj}L>JI SjjjLji/ 2 ii U ia L$j| I fljlr Jj-flJI 
l^l Jj^>uj cL^Li. CjI 'ijm ih a ^JSs Cjllu mJ J .1'"' 2_iJLi 
d K ui a J^v (jSLaj joj (j-a J i 1 j -O ii-it LuljJ cULilia-a jjJaJLi (ja£i i<Jl!l_Uaj_aJ 
uliLil fl'Hj (jLkj J^-* 1 (j— ^ g-jt-Ulll oj 4 J j ii"i I liajl . I |«-S «Jl 



i_2j_<_u I j * " id_u_i-L>. 4_i_c JUv Lj^Ls- (_^-^- (j^-^-^-l p' J 1 cj^J 

a "i i (j^-a^JLi ' < S «J i £^L_*J 2 ij 1 U 1 1 d j , n i-»J1 l_i^L>J1 {jlc jj Lua^cj 

2jjJL>. «Liii. 5llLa (jSjilj i p S « II (j-a cL>-5^-C ( _ ;T J>.j-J (_gj-!t (_jiajj_iiil (Jjjs. I 2j J i a> 
4jjL^4jSj cLuIjLc. jljj, (jSJ _ (j^pJ V _ SjjJt>JI <LlL>J! ojuk joj icLiJLi 

(j-a JtJ^*- (jJl <j" i nti'il d (Ji-^J I (jU -»o cLuLjj-^ «JliLaJij^sj 

^1 t 2_tlii>JI 2-j-cJlj>JI 2_AiJ! j^.tjj 1-yJLjf Jlajj j^-Aj Blastocyst 2^jjVl 

»1 ajjJI (j 'C «i~n i .i cLfljjJaJI tfj-^JJ . d jl i ..Lu Lj^L»- J-^-'-' , -'•' Ur^ ^J^j 

ojuk (jl (j^is-LjJI J^>-J (j^-! .(j-«J->>JI jl 4xiaj_5_jJLi u a (j£. i- i t j 1 1 (j-° 




j^U j^JJ j^juj ualij t ReprogrammingS^a j_JI S^LcLi i_a jju U «Juj^j 

p 4 1 * * lS 1 -^' J-' 0 ^' . 4_i_Ll1>iJI 4_lX. J_j>JI £L_lL>JLi La jl j£L_a (jj-ilv 

(^^ l^JJ j > j ) ^3 w *j i la tj S i"i \ Cj*:L>. 4_j_Lj_l>. 4_j_£.JL>. «LLs* (j^ <i~'"*- lu (jjJ^JLJ 

. ( ) cUiaj^j j I «jj^-o.» (_, U «" (_^ j_ji>J,l 

LjJ}L>. j^lJI i3j < n t— i T 1 aijiaJI ^Lj fuL*JI ^>UJ ^LLJVI Ijuk j! j-^iyi 

UI 

j| i I jjki. j^iVl jl jjLlJ (ya a_JLj_Layi a_iKJI ^Anna Smajdor jjjLu-u 

4jJ r ii -Ol oLj}L>. (_JJlj>.I (j^a «LUajj-i (jjajj (j I (_^>-J-II t*>" i n J d_S_jjJaJI oJl^j <bl 
(j_a (j-tjJiU (j^Laj (_JJlJI j-a^l !«(j_»_Lj5.)) (jJajJ (jl t-Ti i uJ SljJJ I j-Sj i4— «JLjJI 

Ii* (j^jj (jjJLLLa JLLf ^ (jj£j jf Lesbian *LulIlj Gay JL-j-II 

jfi S tll £^Lc (^ d_LC ju>JI 4_lL>JI ^1 Jtir" i iil (^jJlj>. (j£. 3j j laa» CjVJLuiJ *(_y><J 
(jl LjL^a (jjSLj J-4J SLj-al Jtiej-LiiLl LuJjJ Li^Liv I fj>i (jjsj tj'v i'ill I ji^J 

HJajL>JI ^sj^. (jjjJlj diLS^L».^/Li Ujj-Us jiS (jjS-i (jl Jljlj (JLLl (^^L J i 

(jf Jlju («ji^ljiJ I^JjiJ (^LI (jjj w" iii 1,1 dJL^.jJj (jJJ^il >-a^l I j^-* ^ >ii t>Jt-^ i jJ 
.^J 1 i iij'i (jl (jJjufcL. LIjL. (^ill «LuJjlII S-a^ml IJljL». I j <i ^ fl" j 
(jj£j jJa jJI i(jl _JJ^>JI ^IL fjs i nl'i^ej j-aVl (jf (^Jl jJaiJI Cxilj jf UJ JjVj 
. *L»jSLII j djLjLiLJI j Lo-^jJj^uJI (j-ul (J_y>- diLalillVI Jl* (j-a Jj^l ->jn" i ii U 
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J-^-* 1 

(jjjLLajtJI ljr l\ 'p^"' ->J.l j_j cj j^il ->J.l 

4j ajjuui 4j C^j-lj La ja^JjJ Jt^*J (j I i nf 
^JJ 4Iu-ua4 ^SLiHij (Jj uJaJia Ijuk * d nr 

jj&j i j jJLH I « i"it (Jjv (j^. ja^J I u±i^ ,jju l_Ll I (J£ 

jjj : d ...A. (j^-JJ ''-^h' (J' 1 ^ 1 "'j • a m-fl-l .' J c 

(jjjLil ^1 1 (JjjLj ^1 1 I iUj 5?(_jJ CjJls. 

L&j < m i sfjJU j^Laj V liU Jj S(jjj_iiL£ (jjj^>.T 

(j! jslc (^J-^>- J t i m_i J-kj ?,J^.j-L! <±jJ_jcj I o $ 
j ^jt^J V L«-Lu cULlal JLvjJI (j-oi>. j flkj 




i_i- u la (jl j^Jljj i tLajJua d K i*i a jjj/IjJI j-*-iI/ JlS^ c) K mi a (jl jJaljJlj 

Q^£L3 t ."i 1 1 (j I j S_a ^^Lc JjLj». *La-ijL-ZJ! j i — a i _ ;r a 2_jjJL>J! (_palj-^a^M 

«La^_a d A ■ ^.jC Lg-aju*-" i !j^_(JI (jjij-aL». Cj^j^ ^_u_uLa_lll ^j_a Lstj^-a 

d Ah-» ^ (jitjLi ^^LslJI J^jl^ i^^-uj j-j-*j o t mi U i 2 1 " ^^Lc ijr ^ 

1_lj>* jj j_l_J I (jj-A L&^ ij-j-j^ (jl— 11} CjL) iJ? _jj^>JI i .Utlj t( jj t ii La_£. LaLa-i 
m£Ju>.I Ll^c- L gja n uiaJu ^jJ (jj-^M ^jl^-*-"' l)^-^- 4 (j- 4 «J^** * ^1 "i UI i laj i > 

I JL» i i mi a ^tc,j (jl^ jLi3 i^<m La »1 t I i^-itl jj_a Oj_l*£ (j'- 1 1 '"'J 

2-ajlj Sj i^i-^ *lj j^>JI 4aL>JI *l j-a- i^ll C^j-Lj i ?n< j! iSJLrtjj-uVI Juv ^1 
(jL»_L^ L^L>«j i,-itl (jl (_JjJy V j (j '"i Lr ^>.\^us jjj_»_aj !S*La (jjj (j-a 

i^ilj 5MjjL-aj_<jiJI I (gji^La (j-a ^JLmJuJ I <j mi j h ,j-a it-iiV"! JlJjJ imJj^j jl_$j^M 
I i £ (_Lx-II •O a l>JI Lj^-^- er 3 ii >JUj ^j-Llj>JI ( _ ;r i jjiLLll ( _ ;T xi5m 

i»l g-caJI 4 I it* i ii a (jlslj-a^/l (j-a JljJljlII ^^L«J J j ii" mi 1,1 t _^£ LojI.5 s^a-J i n 

j, 

^Lj^/I j i c ^ (>a_l>JI (j-a Lkjui-lj 2_l-Lj-l>J! 2_i-c.jLj>JI 2_lJL>JI <r ■ . u-J 

IjLJjoo ^ n i mJ La J? i2JiJLl!I 2_t£.jlJ>JI <LlL>JI L$j£L! J i Lj^Sj (^J^l 2 MinAJI 

(^lllj iHair follicle stem cells a^cjL^JI Sj < miII j i c j| <_jI j.^. 2^Li. 

^ lc 4_j-Lj-b>JI 4_lCJl^>JI A\\ -»JI g' i al 'i a Lg_i »^_.U" . .." SjjLJtlLa oljJLS clt-a-i 

3jjL5_a (jj^j Ijuj ^ YiV ^ Pluripotent c-jIjj-5JI 3j_a!j L>LiJI 4£JU-« o^J- 2 - 
,2 ,^ ,^^--,tl L>LiJI ^ jljjuJI »LLac) (jJLc j » '"H 2J>JLl!I 3_i£.ju>JI 4-lUJI 
2_ic ju>JI L^LiJI Lgj jj-aJij SjjjJJI 3 A i^-> ^1 Sjujl». 5 a , ^ oaLJsl ji^ 

i^ya • 'j " aj Ja-ILa (jJijJ I j » > Lila La^ sLLj-o (jr^J i<a- mjal ( _ ;r a <L«JLlII 

(j-LL>JI Jj-a 2^»-U>JI ^ji_«J _ j-Aj - I o^-lj ' I (j aLt V " i nl 
j-Uajj (^-Ij • 2j-Lti>>-II 2_Lcju>JI 2_jJL=»J 1 j-a ,_L^ Li!*a L<& I ^jlr Jj .^n-U 
(Y • JSLoJ!) .U,, ,„ 1 11 J^LAJI llk ^1 jJ^ j! jJl^i LlaLal ^^Jl 

. Sj t i"i 1 1 t_i-i^jj ^-Jajj ^jJI 



... 



3 J ♦ UI 1 1 




■Bulge ^lii^l aikia 

4jJlUJI 2uJ^JI 

dermal papilla 



^L-j-'jJl Bulge area ~i --.vi^ a u-, „ ^ ,3, ., n,ti i-^-Sp g-^^j (Y') J5J2J\ 



Hair follicle stem cells s jfcJl wtjftJ 4*«ittJt UaJt 

LuLiLaii 2_«^oL5tj J' t itl d_aj_)_3j George Cotsarelis j— JLjl £j>^- 
<_il j^. Bulge area 2 ^ A-,;tt 2 ^ U ; 1 1 ^ Lj}Li. l 2_ ; SLj > _aVl 

Lj!VL>. (j-a JjJ_«JI i<l_^CJL>JI « i"itl 'Ljli- i—uL^tJ (_g_j^>>J iSj « i'itl 

,( Y1A ) S-j^jlj^JI jry>LJ,l 2_jJi.j .2jjl jkU S-jcj^J! 2_AiJL£ l 2_ ! _cj L j>J! jJUJI 
iSj « i'itl <_jIjj>. ,jj_5^j SjLcl 2Jjj 1 1, fjr tb gj » .".tl <_j!jj»_] c(_jcjl>JI 4_jL>JIj 

(J_U_Jj J J I II t J-*' I ^ Jj < ^* >l 1 \ (jl I 0 £ . d)1j»>3J d)1j->3 5^ ♦ Ml H (jJjS^J ^cj (j-aj 

j J "1 ->JL 1 Js ^ 1 n <i UJ J_4_(J ^^-ikj njj^^/l c(_LC.jL>JI LOLiJI jj^o Lkj_LJL^ I 1 t 
Ja 1 ntl >j-><-!l (j r-i I <i " j ij^- Sj < i'itl (_ilj^>J Jlj>JI cLlL>JI J^jjjj. Aj^>- J*^ uli 

Dermal papilla^jJUJI 2_4jL»J| ^| .Joj s ,„llj <j^j_J] bljLjti^l j^>JI ^ 



4jJlL>JI d «JL>JI jj aj j<u i4 j r JljJI L^>L>JL aUj t_ilj^><JI (j-a 

Jlj>JI Oj t i"i tl J i c jl <_jlj^>. L}L>. Jjljjo <JjIjLJuL£ Jaju 4_LjL<_a_L$ jl _j^a 

Hair follicle stem cells 

jJlj>u L$jl _ <Lj_c jja. L^>L>. i LaLaj LgJ JLjl U a (Jj^/I : L^LiJI (jjs 

djUi.ijJl 21» jJ.1 ^jkj <Progenitor cells 3j L}Li. ^LiJIj - l<j .«.Vi 

L}U. 
L}U. 

.(_^>.jL>Jlj ( _ ;r L>.ljJI Sj < i'ill jjj*- J-«X. L}L>.J Sj < i'ill 3^-" 

Sj < i'ill L^Li. (j-u «JjIjLi/^l (J-c-C d_2jjiaJ (j-djvLiJI L>\-^ Laj o r j 

_ (j^>- LJ I (J-*-?^ | -2 1 1 o (j Lu SJs^Ll! I d 2_3j_«jsj JlL>J I d_da-j cL^. jl>J I 

(j-a I fl^uuj d_£LvuJI Sj < i'itl <_jlj^>. L^Li. «Lo.1 SjLcl (j-a (j j -cS L o- T u _ La Lajj 
Jjj-SjJI (_jlj^>JI (Jj_5_>J jj^a LUajI ^ (j i*\ o "i i hJ i JaJtjv jj-a SLj_>JI ^1 L*J^j_a 

^■1 ,,i u ...1 Ken Washenik dJjLL_.il j _>_" jJI JjL__ 2Jjj_> 3j-Luj 
• _ > _jjj_ > I __a Lg-Li L>J Ljla jl__5L! 2JjL_a __a Sjj__JI L^L>. 

^Lti__J1 ^j^a j^);^)-:^— > — JL i_b _)l jj- 0 tjr - " * d— — Lr"i i nl t. < i h-w (J^ i^G.H 0 j' 
lj_L>. (_ it'ii OJ j«J (j i^» J 1 1 (jSLI l(_LljJI (_p3J^/l OiJ-ij Lt$ j « i'itl ^ <3 ' "JJJ '- '*' .' 'l 

(jrt-ua-ua V "U (jLa |»Lc J < ^jj .dilj ^ l-u ■ m U cLcJjJI i^jJlJ t ^>LjiJJ 
(jl L»^ i^^LkJI ( _ r 3 j < i'itl <_ilj^>J tLi£.JL>JI £LlL>JI j>l Jijr" i nl ,j^a !jL>- (jj ljl cu a 

*Lul (jjivLJI LjiiLlj /«J cUi. 2jjjJL!I L^Liti! ^ i .1 ->J1 4cLUI 2 K i~,t a 

Jjj-k (j^- i ±^ e-JI J-^>- (j-a j_iiSLII ^(jjlr j-al i^^LiJI L^al jitILj/l 

Ur^ (j j ^ uu^j J-S^ iiiJJj *l jj >_ . j int i ^ (jjjifljj 



&_j^JL=d I _>oUlg g-licg "&-ickaJI 'k il^ll 



(jic <u*. jl>JI SjjlAII <_jI^>- L}L>J 2_JL«JI SjjlII! ^1 4_JLc Lj_<i! L*£j 

cjLVjJL jJLuj (j Lu/ - AntiCancer «j uuSLu-j!» <£>-"/ ^ i>ijxLJI jjLa 
Y • • o j»L«JI j u 1 n_u (j-o j ia c jjj/Ll!I lj ilr ? _ 2_jSLjj_a^l 3 j^tiU 

JbLuaVI d j 3 I^jJl^-I jJs IjjL^ (t ijL>o ji_iiJ ^j-JiJI < ^^L-L^j ijiSLaj 

OuL^j i j « i'itl <_jIjjv (jjs d , ^.1^." , „ 1 1 c(_j£.jl>JI LOL>JL ajJuL> j<u i-Ux jj^. 
jJjLcj (j^lj . 4_ajJs ^Ir «Lulj 3j_a ^ mi U jLi!l frl tali 1 ul ij-^>- 2 mi 1» Jua 2j5c_ujJI 

LJI 

1 rn'C ljj-f! j»JlSJI <— il ik-i r I 1 * 1* "n ir-i a ujL>j jl_3 (jl-mj^l 

Degenerative 2_J}Li*jVI j^aVl j-M-c ^ 2_Lcl^J.I L$jjj_a lj.3j_._J9 
>_JaJL <_aj-jtj L-JaJI (_a JjJu»- jj-3 LyjJ (jjSLj Ijjj .2_lj___j(JIj diseases 
<u_ jui-Vlj JjVl _J j_»J.I oj^u_ ^jJI t Regenerative medicine ^jjj-t-l! 

,( YiV ) SjjtAIl <^jIj^>- LOLs* L_aj i^-^ i<j£.j_»JI <LlL>JI j_> 



MM jteJl Q«id LU* 

(_a ^a-zSj^aVl jiK^ui a_wLtj Elaine Fuchs juij_ j^LI 3_o.LJI <_i 

jl=JI 2_tli. C_3 j-C l_£)f iY j»L*JI jjLj V ^ C-J-uVI 3< _i A (^yk. j__o L$J 

dJUiaj 

.Jt.lltl L5L>.J 3j__J| L^L>. L_>J iLjjJjj Lj^LjJI ^Ijjl fJ£ ULD *U_clj 1J <l" 1 n a 



t t\i§ gUc ^ («tU ^41 <U«^f UaJf ftt 4AMif 

Jw_l_u1 Luaj I 

Ij i.ijj uu JjL S-t-aL». (jj__».L gjj jrp. t Alopecia |»L_JI j! (-Ij o uJI 

^^Ljtlll AjJI ^LLsj__i (_^jLiLJ LaLc 1 • oj o r ( _ ) _u_j_a d «JLu aX I L^LiJI 

^ L>LiJI ojuk -jj-i-fj ^hronic myeloid leukemia (CML) (>ajJ.! 

LAj-^J- 1 ' Ct^ cA^- " > J " ' > a C?^ Oj-*-"z I J_2_3 crjL«J ,_>iaJj-I.I (jL^J 

L^LiJI gjj 2jU r (j-a Lajj oo.l- j_»jj h_jjL»jSL!I ^^LkU h_jj>.IjjJIj 

CjjvIj_>JIj (J\jl1\ (jjAjvj (j^jJ! cLaiila j t i'.tl jaj j^j_ajJI JajvV 4_i£.jL>JI 
t^JLuail 1 U ii'*^ i JjJ^>- ^5Lc JJjAJ J-^J lS^-M J-°^' '(_>^ a i>''' O" 'j Cr^' Ijr^J 




■ aJlLjcJ ^LjlII d i U"<11 *:1jJ ^ ♦ mi 11 i Laj S i uj . ^ ^ (j^aj-^a ct^"^ 0 

(jj Jj^l w -^ v > . (jUaj i .i 11 ^pLc ^ ^jLj-iSLIl ^5L«J1 ^.\jJxZuui\ d Lsj 2 • ■■ 

3j_a Jlj_«J j « i'ill ^LiiJl f_yjs La? -d iu_flj (j^i j « i'ill -i_J-*J 
j « i'ill SjjJLa (_ 'j mi (j-O^vLjJI a*j (Ji^- J^Sj •lSJ^-*;!^-^ (j^ i— fl^JjJI 
3 iLa_La e 'j a.j U Lj}I iJI jLj imJjI -i .tSLll £>l «Jl J^JtJ Sjj «Jl ^ lr 

t ^ o m_i (jrujj-j L^jjJ 'Zj « ^11 m' j-^ SJijSLil L>LiJlj <Bulge cells ^-LiiiVI 
SjLcl d jUt* ik-i") ,jjc. (Jjj i n o (j-ujj-i j-Aj iCaveolin -1 « \ _ (j-dj-^L^» 

tijjjs. n_gjL»j£L!l £^>L*JI jl Sj < mi! t <jj Uli <jliVL>. (^ *.l iSj < .".H 

j' 

i( jl jGjl _ (jj 'v t n _ j-4-i) Sj < i' i t l j^j (J^lj^o j_j_c^>. Lj^t — j-j-«^>- djjc 



**ittJt <UlaJb J**Jt 

1 <i Lu ijJLaJl ^!>Lc. JlL>J1 j j < mi! t 3_i£. ju>Jl LOljJI ^1 Jl^cTujI j ir-TiSj j«J 
i4jjJL>J1 jjj^JI ^pLc - «JljJuc diljjJa (j-o si£iL<u Lu - 2_lc ,1l>JI 2_lL>JI «Jiij-c. 

LJ£j ^ aJJI j J m ->JI Ll JlX.j U, I CjLiL^^I j taj. I j J^ili I (jjo 

uji i m'iVI ^1 2 j uuJL 4 " j <i i» l ^1 IjJa-j JlL>J1 jj^r 1 uj^i i-jIiIilc. (jl 

«LiSLIj ii La 3j1j^>J1j SjjjjJI (j-aj CjLjjj^LjJ,1 (j^a ■> m -r 11 UiaL>.j LiSlj 

i_yojjui\ 4x.Lu ^ lS'-'JI («JVI (j-^J i4_uj^2j«JI CjLjL^IILi (j-Ij^. 1 ' iaj 1 

d La i "1 j-i JljJlj>.j jfljl mi j^i-Li jjj-^l JlL>JI (jiaJjJU (jjJl>.LjJI p I tali i "1 jJaj -jL-iil 

.Skin stem cell Luajf jiLtilj SjtMill <_t1 j^>J Ajcjl^JI S^LiJI 

l."i I uji l lP 3 ' J^-*^ J '"' .'" < *T^' ' « Ml 1 1 t_! ljj>- djlV"l (j jl 

(_p3lj_al ^!j v Lc (_ ;r 3 ^> Jiir "i i uJ L^jl (Jj i Jl1>JI (jlalj^ol i _ysjuj ^-LuaJI jJL»J ' La 2 a 
. ljj_<il (jl J) j m La^ Jjiail j ua-Jlj idjj i<i<tl ^palj^o^/l I ^ miIj SjjU"w 
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La L^jLl Ljj^ieJJ i(jl_uj/VI (jlslj^ol "-^W 



sjiijji uji aa.u 



JSlll 




jjrJI 



jtlaiu Enamel iLc>.jL>JI iLiJa j£ SjLc ^lUlj 
i_J i_oj^><j («j iDentin i-tii-l jlII UuXI TULAa L^Jj iJ^JI 
I jj ijj-uJJ loUI Aj i^i-Ilj (Dental pulp ^j^JI 



il^n-ej ij;jJ! c^a^JI &L>-» 
j j c p j II AU! ^jl ;,,if *LiVl 




'^jcjjJI'kjJLaJI 

'^Jt ^urf t Mi lu» «jmi ^ ^urf t m*m 

Nakashima M U-uilS^ &lU-,,„t , j^i^ Sjl^U. ^ Ijjj^jj 'uW^' c^ 3 
^L jls 4jJ il iDentin 2_jJi.ljJI Luil 2 2 ■ U <>"JI <-_J ^^^-j ajjLcl m«j 
Dental 2_j£,j^>J| jLu-uVl <_J L}L>. ^jjcj (>aJI t_J g j . n't j! j»>jJI Lajjji-a 
L}Li. (jJJ Jj t "W Lr l^. 5jj 2JI I jj.it Cy ^j| <pulp stem cells (DPSCs) 
Luil 2 s_lU f\ tac (jJJ Jj - ~* LjkjjJj (jJiJI Odontoblasts <jLUuVl 

j! iSCaffold SJLS^JI ^ L}UJI ojuk j-l^jJ tjrO- dlljj <2-jLa.|jLll 

Li\ i^i.ta^um 

.(™) Bone morphogenetic proteins (BMPs) Jlla 
\ $ n^zj Pamela Yelick llL}Lu }L_lxL 2jb>.LJI c^j£Uj .^t-w,^ S^oUhj 

lj-l^>- liilij .(jLu-uVI <Lx-ujj\ ^Lijl 4j_j_pJI cL<j/J_i^JI ^\ Jl-st" i .il (j-a ^"i t j 1 1 

(«u iS^uaLi- 3JI S < u ^ Tooth germ cells j_^>JI (jLL-uVl L}Li. !><ijj 

d j iV) (j,-^. I J-Lua-ie-fl njLuji^l cLa- mjl 4JL_i £j_«_>JI 

litjL^v ^ i „lUVl ,j-a J-^s-^l e-jLaJI (j-a (j^o *l_jv La dJJi . (jLu-uVl 

2jc_ojj SjLcI ,j^o ^^ylrtjJI cLaj^sjPaul Sharpe's jjjLi J_jj <jSUj (j^». hjJlI! 
2^ojf Ltjj i^a (^SLj j«J _ Mesenchymal cells JU-;£jui,l j 2_<^eAJI L}U. 

<bjl jt^tt Lj^I i. £-a c-^-ls. ^1 1 j-l>- I 3 « ii>j (jus- dUij _ (jl i i .i^l 

^1 4j^LtJI 4j_«jcJJI L}U. oJj^eia iEmbryonic oral epithelium ^jlji^JI 
_ Lhjjjli cJj^j Mesenchymal stem cells 2_j^ju>JI 2_j_«jtJJI Lj>L>- 

UjII - il I I Jlj& jai iy-^J (jLjLu/V! d 'j j j t dJjLajs ^-5— 

j i"i ia j^al w *j -t-^ ^ *\ i"i i C^CJ (j^lil (jl_u_u^M LaLcj d i mi" 

lil p ' V» j I i 'a ij&^-iI_uj/I (j^o La Lj^>- tj i S 'a (jjjJt diiJj^ I , ^.j , ^. A. j | j^j. 

>LysL U" < ,il L«^ . L^>->Lc jIjJ.1 2 '<{\ ^ £±a^>3\ ^jjj ^ t QLuJ^\ 

ijLil (j^oJ! («J^J-J L^Li. (j^a (jl_uj/VI i n't I ^^l^- (Jjj^a_>JI Liajl L&jjt£.l i n aj 

j<u i Lcj j < u t \ Y SjJ, jJL j La j<ts Ci£.jj LtjjjLi ^^Jlj i4_i^jLi. 2JI <i . » 




(jl (jLu-u^l i. u j U o "i j i .1 C-ljj>. Ij^>- LjJj_3 <— 1L1 C-<j3_aJI (j I u'ni j 11 lijJJ 



- J! 

. 5LoL£* <j-*-uJ1 Ji <j^j-JaJ1 5 jl ♦**< t .il jj-a (j2ijjj,1 <j-^-$J 

Postnatal stem cells»rf$lt titi** Jitalf ^Uiif LU* 

^^Jj-aVl (j-aj-ill S-»_^aJI Jl^jlaj *LLl!I <jlcf Y' 'T j»L»JI ^ Jjjjf (^2 

i<Li£. Jl>JI L^Litl! jjbjlia j_t£. j I Jl>. 1 «i^ a I JlJJi^- IjJ i^-ia I jjLiu^l ja^jl 

^ jj uaX|j .cjL^hjVIj ^>L*JI ^ 5_Lg.jL^JI 5_iL>JI ^L>.^La ^a! Jl^>4 (jjgj 
^ill Deciduous teeth 3^j|jJI j_u~ jL^-JI JULVl jli^? ^ ! JULVl (jLuJ 

4lui u£ «L^lj C_i1 ^ aVl Lgj ^j-SJjj isLLaLiJI j| «LjuLuJI j-«-C ja^j-a Jajal . n" 

Lia jj-Lj (j .i fl i" i l l jf 0>l i ^inl l 

Postnatal stem4jii l^J! SjVyi jju La LMiej ^ii. jj ^->a (jLi^Vl o,!* i_J 
c-o-L-ll (jL^ (jr^>- 1 j-i£f jf jryiLc *lj>yi ^1 j^jj £j^ajX\ J^fj ^ YoV ^ cells 
jj_i^jJI 3j_ al c^>j (.P-^e-j (3i>2 o - *- 1 ^ 3 J-"-^ Gronthos jj m'ijj-g. ~ . uVI 
«jl^jUI oLVyLi ^j-SJI 5 -> ,^ II jL_g_»_a ^ tSongtao Shi jLU>_jj_^ 

jjji Cilj a t" , n a SJlILJI (jLoj^/l i_J Ji.1.5 IjJ^-J lir)- 3 - 'V* * * aLjlII 4_i£jj_a*2/l 

j^^i 4JL^ j_<^ JikJLa !2_iJl_JI ,jliu,Vl 

j^jJI i| g 1, 1 n 'i 2_ilJJI (jLujVl fjLjJ Sj-lj (jrlljJ" '«j_a JjV jjt>+" 

(j^j La J nMI j !(Jjl>.*2/I «Jl>-Ij Joj S 1 uli IJljj iLuj (jjj miT j^JI (_LvaJ Jl£ 
J.> j "1 1 11 "1 ^«J (jjaj t4 <i a 4j i_3Jl^j (_jjJI j-iill lSJ-^ ^ 1 S 1 u j «uLojI 

j_ 7 SLl C< 1 iuJ (j£J i(_>l3j^/l 1 j-a (_Lajil C-ijJlj La^ i<GiII 1 j-a C-ij-Ij (jllul <UJLiII sbLLuLi 

. LajJ ^ S j" I ,Jj l^liilLm^ C-i 1 n C-lIjJj-o Jjlj (J.> w 1 n" 



JIS U£j 

2_lL>J1_i I uca-jl j_j>.j_j MjjJI i3j_Jul_j-^o SjVjJI J_»j ;_gj i .i 11 J j ->J1 j»J £-a J j -3 
JL3 (_y^-Il i(_p=lj— o^/l (j-a fJ-^C- J I j»jJl (jLUj-<-u £^>L»J ^> J-a- "i i n"i (_^<JI i4_^.JL>Jl 
(jl» : L-Uaji jLL«j_j_<ji JLS L«^j -«J— «-«-II JiLaJl j»J_Sj £-a JjjjJaJI j fllaj 
*JJ ' a * p ' n-»J1 4_t£. ^ f ♦**< i d \ (*£J-I1 p i n-»J1 Jl_o^J1 j />»*tl JiLaJl (jLL.ul 
(jr^ Ur^ _p I Lj}4-><J I L) i I ! <l_i£. h^Li. d j < j j U 

Ja-Jj jl <Ljs~!j^>. (ilj-^>-l <Li_c. Jl->JI Lj}L>JI (jj-I^. I (jia Jj i^tH ^jjj 1_jjj_2j 

^yjJI Jri Uli (jLu-ul j»Lol ( _ ;r ic. (j^tj (_g jJI f-t_y-u^\ K(J^>.L> jl J *C uU 

Cjl_^>. Jajal i i") Lj£ i,^JJlJ>J,1 (j-CLjvLJI (J-uJJJ (_jJ^. JJ^^ L^li <j-° Jo-Sl ' 'l" 

I Jljv d o a ^j-i- 0 J L*^J • «''j-^- 3 ^IjJtjLO (jl o U 4jLi <^-<-J— i-1 1 

a_juji l^sjjS (jjfc jl «^aJl jLaLVl jliui! a i^iv. m u a^c jl>ji louji 

(jjLa (j^s-J . L^-La 1 JL>. 3j_lj£ CjLj_«£ »1 Ur Ij SJj i aj Cm u i n U (^ J_«-JI 
(jLu-ul Lj^Li. (jjl iL^jl IjJlJVJ S_i1ujJ1 2_^C.jL->JI L0L->JI (>UJ I ^Jlu >l_«i«Jl 

Lj}LJ»JK . Lj}LJ»J1 fjojf (j^a JijJ^t^s j^JJ jjL«J0 id-j^ijL^Jl JLaLVl 

j^jajv ^1 jjLcHj tLulSJl 1— «-yJ - (jl_u-u^/lj «LujkjJlj 4_Lftja*Jlj i4-u ua-«JI 
1 j 1 1 a 'a jo^jf J_u ,>LoL^ Lu-b. w La «" (^ill Lj>L>J1 »1 m" i ,iLi t Ljj-Sj Lj>L>J1 
1 j J j ■ a >i 1 1 S—aj^ls (jl (jjjLjj/I (jlr (Jl aLaVI (jl ii .il ,j_a 3j r JL>J1 2_lL>JI 
2_^cjLjJI)) j^a j»»jJI tP^>- SjLiiJ.1 2_i2>Ls.^lj 2_j_bjJI Ll .'^ aJI j - J La ■ aj V 

,(j^_L>J1 JUS 4_lLi£. L^j Jluaajj i((4_j_Lj_L>J1 
(j^a _ 2_l^ jjJI Lj>L>JI S j jJs 2jJij Jju (j^s AC. jJI (ji^J 

>l j j v Jlj»! iAnthony Mahowald ^^iil jjJI^jJI jLa iSilS 3 ua ua V ~ a 
2_;£. j^l L>L>JI (j! j^f l 2_ ; SLjj_aVl jj^ijLl^ 2jl^L>- ^ 2_;£. j^>J| 2_lL>JI 

4-ua-uaieILa SJjJl^. Lc 1 jjj I U»" ( _ ;T SLI j_jlij,t (^ I (j"i-»JL«-a (jSL«j JriUtl (jl_uj/l 
^^j^a ^^L«J jr<J5_<jij>U Sjt^iil (jjjLjiLuJI Lj>L>. JiLa <mJj^.V| Lj>L>JI {ja 
l^aj-^i ^ph—*! (jryiLiJJLiJ 2-Jt^u_U Cjljj j ua «Jl Lj>L>. j! uJI «IjJI 

JJ (^r^ J-»— Ll ^«u I «-£ J I 3 jjs d -r i n 'l I (^ i ril") «J j I t(jj i .i i j L> 



(jiJIj i J a La t S-LcjL*. (jLuj,! L}L=ej jLill ^jJl iGronthos S jj . 'i j^-i. 

I Laii . I Q ia i-ilLUl (_Lt--a OtLvJ ^e_t Li 4— «_L-ua-C L^Li. dJj-so 

,( YoT ) a i^i^V",!,! (jjji-Vl L}L>J1 (j^s jjjutJI ^1 L^La^o 
Progenitor cells fgUaaJf ^ 4 L* 2 t gUJ 2 t 

ij^aLuJI 4_lLs_c p j La '"' 4_Ju_ju 4_usL=>. i_jLbju>- I j i^Lc J*s i~i t Lg-J-a I UJ 
LI ^ ^Ltiilj (jLioJ ^1 2-jJjV| Lj}U»J! Jj>^>o <>a fWj-SLa (_g j-a^l 



Embryonic stem cell ^Lrfl «mmaJI 4*«ittJt UaJt 

L»j Ljjj_Sj L}L>J1 j-jaj>- >LLi£.I ^ylz. Sjj_l!l L&jjJ «Lili. *-s>»-j 

Jj ir^i -fcl! j> air" 1 . "i ^pJI SJLjiaJl Jaj-i j» Jl£. i(jLu-u^l L}L>. ^jUIL 

Lfcj_u£ j I cLuc. jl>. f. I jjj, ^jui. 1 <LlL>. I <j~ir j L La — (j-<_L>J I <J^9 J ir-i<i'i — I (jjlr 

ReprogrammingS^a j_Jl S^Lcl 2_lLvc U_a j^jaj (j! jjV ,jSL! . L}UJ1 

I j ... A 1 Sj£Li!l i£Lc.j_iLa ^ ' iajj J LfcL.} (J^-Lj 4-iJL SjJlLv 'LlLs* C * J: *- 0 J^ 1 

J-a JlJ J I . 4_flJ^3j i_J j a Ija (jLl Jj (j,^. *j J j uJI tL5c_«Jjl LgJ <— 1 1 mi I (_^<-!l 

j-aVI <4jJui>. ju>. <LlL>- Ljj j-a _ 2JLILJI i n >JI 2_lL>JI Ijj _ L&Ljj 
din^cj J'v uj (jj-a ( _ r I : Li>. ^1 jJLJI LjjJI 2^*^ajj SjLcl J-c-JLJ i^j-II 

( _ T jkj i 1 J-ua_flJI Ijuk Lj^>L>. LaJL Lj-Lfl L«j < Lj^LiJI j-J-a^v w La «J 

S ol J 0V ) aJLiJIj 4luOJI jli^Vl L-}U. 
Tooth stem cells «M«ittJt ^Urfl UUaJ til^y 

ij-iT 1 11 (^3 -*J->^>- La J£ _ U_)lj L^ijLtii _ ^a- uU 2_iSLjj^aVl 2-ajSL>Jt 

id aj 'C t 1 t ^ i U 11 JjJ uiil lio. Y • • 0 |» I «Jl jjjs jjjs ^ f_j n %c i ifj,<i UU 

(jjs 4jX.jL>Jl LOliel! tiJjJ_l >Li»jl ^^i^ 4j_o_l>J1 LljvjJ jjSwiJ 1 i_jl^j_<i <_jLe_i^3l 
Uju-oJI t_J IjjJljo JLiLVl ^ 4jjC j^Jl (jLlojVl L>L>. jj 1^1 aj . JLiLVl 




'a^claJI'ft. iItII 



J* «Jl jjjjjjJs j-fl> _ J A U 1 1 j_lC. _ (jLuj/^/l ^^3 2_j_c jl>J1 cLiiitU j^a-^M j' uaJUj 
( _ ;r ji jLULi_j_<j/ dlajj/l T" ' j»L«JI 4_^CJL>J1 L04-==U j ' i $ i a .^."O ^ jj| 
^tj <_3j_u, tiJjjjJ! (^3 3 U j A -. t I 2_ ! _ c . j_jJl (jLl^^l Lj}L>. jl_3 I jJ . Liiajf 
Ijj-ua-o j! 4_iILj]| (jLa-u^l 4-jr mJl ^^L-i^s^ <U-3 ^jLir" i n~ mJJlJ! j»>JI 1 ^-ilc 

(jislj^o! ^M-jJj cleft palate j! ^AJI i 12 ... ^ ^51^ c->jji£ -J^-jj ujjJI 

(^]Lia> (jl_£ La (PJI i( jl_LuiVl (jislj— of tyic: 3_J|_C SjJ 2 a liLfu 

JL>Jtl I j-* ClibcjVl (j! j mi j o jjfc U^sj . LgjLd ni (^3 Jx! j}UeV! 
^Ij^i.^ I ,j£LI i2J,JJ,l jjLuj/VI (jlslj^ol £^-«J i U<i fl (jjif! i^L^J Lr^- 

uS ii>^' *J-° cL ^-" («Jac (j^o I (j -vlj-ja.1 l( jj,j|j_LiaJI I (j j a Laj i(jl_a-u^l 

. 2Jal i f_j£ 3jLc. (jj^*i i .i 3-lL«x. jjjS j-JLj-II < j^-> uJI 
Lal i ii^l uu M (jl _ ^^j^jlII LtiLc - (jl i t .1^1 i. i U ulil jK (jlr <-_ocJ I jJ 
<Mjjvi-Vl j* I m^Vl £-a >_ <■!■->■ (jJJ Ljb. i£>L«JI (^3 I jLstiu/ 1 j 3_lC JljJI 3-<JJtl! 

(j-lC. V f_y^\ i2_J_J_J_>J! |*| I II (j^O l_«_flSJ_l_CJ i Ir-I 11 (—l^J-jJlj jjJ^JtjJL^ 

./JLLU.VI 
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j* J 2 "11 » I U I j C_)l li IV a (J-S^ i _9 jsJI «Jl 

*I_9-$JI (j,^>- jl 'M 'j-*-"-" J f I «UU ^^jJjjSLlIl 



J£ 2_LjL<i/ J£" (jjj Lg-i-fl J .. . «j j! (j^a ojV 

3^L^>. CjLj >■ i j j "i 'C 11 l'" Al I j ~. A K 
^j_jJ1j .CjjJU u^a—a J ju '*» ^1 t Jaj mi tLS* 

j^J, j^_l^J1 (J_=»JI ^ 2-jJSJl £jj 2 j U r culi 

C_)l j U r (JS" Ci i " jt <Ul Jl_u J mi flj <- 1 j ii^il 

.''l ^ a j! ^M-j a-_jJSLIl 

« ir^i L^Jj I .cLlL«_»J1 ojbfc (JjLflJ Sj-iiS" CjUsjj<_a 
LgKI ili aj <Lc.LlJ,1 Lg_uljj h_ijj/LU1 £j_ijj,l Jj^vj 
i n') I ^ j "i U dja- m') I Jjjliaj 5Jj ^ i u j»J^-»J 
i n 'U ^jiajjj,! cL»jjij| tjj-is j»Ju>J Jjs jl i^jiajjj,! 



^ 0^' uj—*-^!— ^' J i «J» 




ojuk ^j-^ 5 - (j-° <^1L*a o' - («jkVl j-^j — I j " IIjj <4_ Jl ^jl i!l ^-"jj «J! t£ 'j LSLt I 

J ui iitl 4jbl inti <— _> I w n V t j_j_«_>Jj Ij_lj>.|j ijjjjJI (JL>-J 4_ lL c- < J1 

(jjs j V mjj if.\ t g y mi Al j n Uli »1 n\i t L>.jLlo LjJ^>o mJjJSLII 

i ^ ^ ii < i j<ukj^t£. 

(Jji (j-aj . Likjjju>- (j-o (jlslj-ai d K uJ, (j-C l±^Je-jJI ^1 (jl_<jijVI 

i^M-jJI mj_3 Lj>L>JI ^IjL-a- "i ml _ J}LUyi j^lc I gJjfj - J>L*JI tfjuk 

(PJI ^Ij^oSU j^aLSLIlj ^LiJI ^>L«JI 0 j <^<^ V~U Uj^Uj ^1 .SJLJLJIj 

»1 uca r VI ( _ ;r 3 Lj^Jjj 3jj^>-j^ 4-LC.ju>JI 4-tL>JI (jl ijj-9 (j-a Lsjj_»_a (jl£ 

2_lL>JI (jl <LZ_uL>Jlj i^Ljl^VIj jlL>J15 Sj_lj^ diLal i Mii'il L^j (_^lll 

J mi -»JI i gjj I a ^J—j^- oVA? I « (j J Vjl I ,j jlr j-J-C 4_uC. ju>JI 

oJUk i _ ;r 3 Ja-S-S Sj_5^>-_5_a L^jI (jij-Ltaj (j-CL»-LjJI (J-»^>. (_£ jJI j_«VI i<_i_alj_jj,l 
l_3jj_»_a j i t~i I ^-1 ■ SjVI 3jLiJ_£u *Lj*_<j»jVI j - 1 uca^. V I (j_o 4 j c j IJI 

2_iKJIj i^yjJI (jjKJI ua-c ? J£ Sjj^.j_a 3 j f jl->JI 3_tliJI (jf (j^l 

sU^>L>. 4-Lcju». L^Li. L^j (jLa ^ ' jl<ju>JL! 4 o ^ 1 1 » 1 i ><r VI ,j^ Sjl>.Ij 
cJLII ( papilla 4_«_tL>JI iRenal tubules ajjJSLIl t_<j_!LiVl ^ 
(^Jl j j a S j_tl^ 2Jjf tiJLLi (jU J< uuj . Medulla 4_tKi! ^jLiJI 

Lilljij 1 1 j j jL>~ ' aJb lijjJLjs. JUlj I j i ■■ aj Jua_so 4_ii£LJI Lj^.i- SjJlS 

(jl J ii " < jij .LiUj (_yic- L^J l_Lj^>- 4jjjj_a 3jJLS_a (j^ LkL^Li. 4£LLu U, 

Glomeruli cuLl-l^JI UM-i-j Tubular cells 4_uj_LjVl L>LiJI Sj j ^ a 

(^LilJ jl »1 A mi tjr £ i.ij inti <4_ l i. l l > . Lj^L>. (_tl 3^— «— J' SjLcJ ( _ T ic 

LM_JI o? o__-JI c_^jj .4_,L^VI oVU ^ a^JLlJI a_J£L!l L>U- 
4_j_^U>. L^jjJ Intrinsic renal cells aj^j^JI /\ 4_Ai.laJI a^jlSJI 

(^ ijjj I mi" (_^ ;Sj.jl_«_j_a Sjua_>. L^Li. (J j seJS (_^ 4jjj_LI 

.( T ^ Y "'^I^I 

h 



Js, 2Lxc JlaJI 4_liJI JjLLj 2_iJLJI j^>JI L}UJI Jfc»~ ... 

j! Plasticity SjajJ.1 3 , u»Lj. j a?j ^UAJI jrj-ilj-aJ SjJljs^Loj 3jjj_a 
ajiJLJI 4jc jl>J! 4_tUJI Sjjls J^a L&jx. U£ (j^j i Transdifferentiation 

SI u±jM iijJ-^>- (j-o - Lol_4J l alj -»_' Lj^LiJI (j-* ^-i^^ - (jr^l (Jj **" "' ^ Cr^ 

tbl (>i Cy3 y>* (IV 3 ■ ^J"^ Cr-^' mlll Lj^L»- £>J <j^- — d-iLjU.sJI 

(j-a SJlILjJI 4j_c.jL>JI L^LiJI j»l jLitl<j/Ll j uuJ 3>fi£ Cjbe_ll i-dLufcJ . j^. jJ 

j>Li <^a ;HSCs ^jl! a ^ m,; U a_«_c jl^JI LMJJLi i_a La jt ^UajJI ^ 

Lj>L>JI (j-a Lj1>j_l«_? _ LfijjJal dilij iLoj^c 2l_J_j_J1 dUI uJJj (jKJI (jialj-a! 

(j! U£ .a 1^.^ v.a a^K L>u. (^ji J>=eiii _ (jj^-^i 2Jl!L]| a-uij^ji 

L»£j .3 M~i l_j}L>JI jjj-ajj 4jj i n't IJl^o Ciili Ijuk ^LkjLll 

5 c 'i -^-tl Lj^I iJi ^ jjjc etil Zerbini G ^^j-jj ^LLjVI jJI «Jl 

3j_C_jJI J i ii -»JI (JLj^>- (3 1 1 l-^- 1 ' "^-?"J 1j»JlII p I b» «11 lj7 2-S ' "M 

Lj^L>«JI I Jljj tiJLukj i Lgj La Lilj (^LtJ (_^<JI d-tiSL1 1 ^1 J • aj (_^>- Liii- i fljjjj 
CjJl^cj ^ mdj « ( _ ;r <iJI . I_oLxj 4-ua uaicJLa «Lj^ai^ Lj^>L>. ^1 J^e-i!! £UjCJL>JI 

(jKH (j-s Sjj-^-^il iRenal stem cell 3j>KJI 3 j r j_^>JI Lj>LiJI «_a 
^ 3-il i^U 3jJSL!I (jjSLi ^pJI Lj>L>JI ^1 ^j^^l (jjk J^=cIj d<-L->- < I j ■ u«ij 

JLjjiJ (jl dJLuki ^1 j-iflJ jjjjtll JJ-^I (jr^J ' ^6^1 < *- tu l- 0 ^^-L»- 

« ;:! _4^>J jLjjlII {Un < JiU j! (jjJJ.LiT b>Li. OJliA <jTj itdJjL^ j^sVl (»|j La 
jUJI l^oj) uaa. (^^KJI JAaJI jt < nl"ll <±JJu=eJ jjj liUla idjJSJI Lj>U. ^I_jjf 

2_j_£ijL^JI L>UJI «^jU". i m* V j . Acute & Chronic renal damages &AjX\ j 
S4AJLUI L>UJI ^^^j^tj j»jJJ 4 j . uu . I I 4jx. JjJIj 2jjKJI 

i U ii a Jij^vj-^o j_^>JI i^^jiiJI (jj}_JJI (jl il i4_j|_«JJ 2Uj mj 3_iL^>.VI 
^aj^_t3 _ (_,« j j U 11 t_iLie_IljVlj jjU'ill «_a ijjlj "i i'iVLi _ ^ o i a j 

(jrU>La Jj <_aVT (j! «_3_jjjiJL1 (j^3 . Lr JuuSa J< i'!.; Luijj j! 4jjJ,I Lj>L>JI 

Apoptosis j-oj-j^o (j « j j U J's i". ) j . v» (J$ l_j_a^j «jiij^j Lj^L>JI 

_ Sj^KJI 4_jjC jjJI 2_ji>JI (j^a (_g! _ g^j inill Lj>L>JI (jjli" ijj» \ 



- 



'a^LckaJI'ft. il^ll 



jjLa i<jj>jS\ j! jL^>JI t_gj K 11 i M "H SJL^v ^ La! ,2_^>.jLU 3ajj_^>. L}LJtj 

JijJlj>JL1 JJljiI! d i ia jj «'H SjJlJUI <J^ '"'.'J gLg,j i aj i allu Lj^LiJl (j^N— 0 

jjj_uJ1 jLojJl (J-J-"i j»Lol mJJj^I d^jIiSLa ' (lSj LOL>Jl oJuk (J-»-^eJ La-a i j» 1 ta « 1 1 
^a -r "i i ujj Lkj^al j»Laj Jj«"i i ."i «JliliiuJ 1 gj j i ) itLilSLll Lj^L=tJ mJJJI 
w . S"j d 'C i iiLxj liJS flj ijLajJlj i M" 11 ( _ ;r i^ j^cjje^Jl J_l«jj tLSj— aJU Llfcl^S 

ij^*_«J,l ,Jj_«_>J1 L-$5Ll> (j^. ^LsjJI 2_«_c.j^o L^jl Jj !cGj^>.j ( _ T lic 

( _ ;r Lc jl ajJlj <_ilj_^>JI i. i U "j l_ukj iSj—cl ^ \ i n"i (ji 4j| ^ 'H f^jjs j ta i *^"j 

<uf tiili <>a t_j j_cVl . I a U f ^ LoL« a_JSL!l JAijj ;^>L^yij J>U.)/1 

^LtJ IjLa IjJ^a! jr^v (j^o-LJI (jLa J ifLi 11 ,j-a Sj^s-tUl ^IjJLaJl dJJj 

fljl I uli Oij3aJl d_3j_«^0 fjiz. (jVl (j_^L>.LjJl (la-»-J liiljJ ijLill «JllLoJ Q I n ~>Q Mjl 

a_j_cSJi a.sjj^ 1 i^-nlj IL 5^kji J u. 1^11 ^M_c ^js, a_j_c:jLj>j| a_tiiJLi j^-jl^u 



ji 4jjKti ajLiLjJi a_j£.jL>ji Lj^^->«-!I (j-» Sjj j$ «jiiLi^ ^ir ^jj . ^ >, 1 1 a_ij« 1^-1 
a_^cj^>Ji a_ii>Ji sjij_«ji (j^ 3 ''-^' «■ cujj i j j "i 1 Lfcj-i-c. 

1 gj^ L4J 1 4 tata ieli 1 1 Lj^L><JI ^-^i>-2j w U «" q\ LajjJl^o (_yjJl ''^-y-'^' 
(jSLI . IjLjv j £a j a jM-j(Jl ^ L^oljJe^/1 (j! IjJ^jj 'J-^aJLl djjKJl Lj>LiJI 
<1_^CJL^>J1 Lj^L>J1 ^Jj . ^« -. 1 1 L^j joij ( _ ;r jJl 4_j^_tSJI £jju3_j^o ^ S jj 

^ jl o c L)>^ J^J . 4_Udul_j mi ^^ylo^j d_j_3^L>.|j cl_u_i^ d 1^ mi t jllLo i4_j_Lj_L>J1 
S_JL>JI £-a (jUJjS LOLs- Jaa- ,1x3 (j-o Sji^jil) S_tlti=Jl Sj^.jlj>Jl 3_JL>J1 

Sj^jJI j Reprogramming 1^1^ jj SjLcI 3 j^i-Vl d^>J _ 2JLJLJ1 2jJlL>J1 

(jjSj JL^ (Jj^I - tLjjji^Jl 4_^cjL>Jl 4_lL>J1 t _^ajl ir-l ->J 2JjLxjs t _^ajl ir-l (Jlllj 

^1 a_;J>L^Vlj 2-j-yjJl 3 K mi U ^lc r. 1^^ jl2 dUj 2^oj_Jl S^Lcl 2J-«-c 

,( 0T ) tiiijj a^LuJij a_ujjJi a k m, u 



Lj>UJI <j-C <>2aJ>U 2_iK Lj}Li. e-3}Lii.V S^Oj ^LUI Jaili! 3 K u. a Lal 
i£>L*Jl ^ 4-^jLj-"i mUj Lg-La 5j_jLiil,l SjjKJI Lj}L>J1 j! 2_jij_oJl 2_LcjLj>JI 
2Jj 1 ,1 i< 11 ^ loj 2 flj; LaJ 2 K ui U tfjui c-ul=o f-\ «JLtJ! J-LIaj u/l J 2 'a 

2_;_c.mi bM-JJl p\jJ>. L4I0 i_sjl^J1 2-i-U-c. <Encapsulation SJjLtJl 
diljijj iSjjjJlII 4J5KJI Lj>L>J1 L&jLjuIj t j in-jJt *L>-jl j-j-*>- Sj mi"? U 

3_jLcl I itt-w 1 »1 LuO La : 1 jJ«LuiJJ idfljjJaJl o jufc ja^J (Jj-* <*1 *l aUtl (j! J4J 

(j aji 1 a> (_Luo *LlL>. ^1 LjL_y><JJ i2jjJL->Jl £LlL>J1 ,JiLa diJLiJl 4-lL>J1 tLjcajj 

SjjK Lj}L>. ^ L^Jj^o ^iU" 1 n't ^1 i4j!jIjJ1 2.^,1^11 2_lL4J1 

(j^o 2jjl». 2_iJL, Lj>L>. ju>.lj V liLal^ dili J£ ^jU~i , n't LLoJ La i2 i,-> i^iV" a 

j' 

icLuL ij—a Lj5L>. j t "1 AJ, 1 LgJj^tj joj d 1 11 iVi ( _ > iajjj,l 

2 K i';, a _ LUja La_? _ i_JjeJ i j La^ LaLaj 2_cLUl 2 K i':, a i_Jjc- l i di! j^j 

Lj>LJ»J1 ^Li Jj tJJ 2_L>.Vl ,_Li_3 *! j^>. (j-a 2_j_bjJl («u— SJLi ^Ij U,^i\ 

.2_tiujJ| 2_j£.jL^J| 

u^,nn i_3j_ui Lul jl i£j^_>Jl (j-a V^j-3j £ ^>-lj l_Sl>" IiJ-A ^^ri! 1 jj 

2ui>>U.Vl J^Liil ^ ,.,;;,„ LaU2.jL.Vl ^Jl SLajjJLI 2^LU1 2JSLA* bUlj£ 



^ ^jiajjJ.t p i n y 2ii»jJ,l ^jJJ 2 % iHU 2_tc ju>Jl Lj>L>J1 Jjjejj li^jLjv 
renal 2 j , „ \y j\ 2_ys^j_j>. 2jjJ£ Lj5L>. ^1 Jj^auli i2_j^ojJl SjjjJl (jj^U 
Uj 2jjKJ1 2J_j_J1 ti^ua. idJLlAj 1 2_ } KJ1 ^\ L&jjJj ^1 iprogenitors 

4_lxjjju>J1 Sj_jiSL!l Lj^VLiJl icL3^>Li~j CjIjLu/Ij j ri ,_Lal j^. ,j-a cLj_j_>u 

>j_>Jl JLl£. 4_llSL!l J il "l I il 'i j Lj5L_>JI jj-a I— 1J 1 U 1, 1 £j-Jl (^J (jr-l lr-1 V T) 

.j^J.1 cdJij 2_jKJl L>Li. ^1 LjL^i jVl . (Y ° V) 
iMesenchymal stem cells Jl^a ^It^nll ^.Sj ^ ^j-^-f LOLi. Ju^.^j L_«^ 

CjjJljv JuX. A i s> i r-i V* a 2j^K Lj^>Ls~ ^1 jJjjcjj 
<— li jl < f 4-iKJl ^1 (_yjLj ^pJl Lj^LiJl pk«a (jl (j|j!o.LJl (_>^>JtJ J-»^>jl La£j 




'a^claJI'ft. iItII 



(jSD ,( Y0A ) ! I j -n. j I > (j^a Jj Lg-m flj "LiKIl <j-a C. i n jt j_&jJ! d M"! La £>Li^sl 

iJaJLa ^jLJJI (j-o (jjijJj L^ili "LjilSLIl (j-o (^Lj U!vLi- >_l!L_ La (jl IjJUs (jjj_j>.l 
Lj>U- Jntrinsic renal cells Sj^&^JI 4Ji-ljJI 2j>1£L!I Lj}UJI ^ a , 

cL>.L>JI Jl^£. Jjjtjjj d j ir-iLa. I ^ -r a bj-i (^ dJiHaj 

^ Sj_alj_il,l Kidney precursor 2_JaVl SjoJSJI LMJJI I --j ■ ^ 

kJIiIj JlJsJI SjJljLLo ( _j^sl^>. lillLaj Lg.il JL-Sj (j-*-^J i^—lLi-l^JI 2_j^1SLII dja- i .i )V1 

jj^i^ Ulu. 1 j a^^U! U>U. 

tUcjL*. Lj>L>. Ljjf ^^rlc ijryjJI tbc_<jij! ^ 3j>_a^.ji,l CjIjJlIII SjJjilLo Lj>L>JI 

S—lIj-L^JI mjVl oju* iMetanephric mesenchymal stem cells ^a 

4jL=JI Jj^. (j-a (j^l p s 'K <i"t j»Jl«J tiiljj ij_o~Vl jrtfb-LJI i}La (^ C*jK 

Tubular ^u^Vl LOLkJI (j! ^1 o^il jjluu >Cr j».jUJI L$J ^ 
i La oij ^ Sjj^jiILo iijljj-a djli ^r j ir-i") <_aa_<-u Lj}L>. i2_JSL!l ^ cells 

IjJ .Sj_jJSLII 4_lCJL>JI 4_iljtl! J-j-ua-flJI O-u (j^J (j^ uj I flje lu^j Lx-a 
g-j 1 11 itl Ij-ajiti^lj iLjjlj 4j^ljlj>JI <L<1>J! <>c Ij-uLL-ul jrtfb-LJI (jLa 
t>u_>JI (^Llj 2 -lU r J_ *j I a ^^Js ^ i < r-i_i ij/ (_gjJI (_J^KJI ( _ ;r li_L>JI 

: Renal tubular cells ^LJi2u>lSJi2L ji>jjVi biGji^ _r 

t^uUVl L>U. o! ^1 (^ibtJI «lSjj-sj Anglani F ^-ILk^l iio.LJI jLif 
^1 1. 1 1 .il_il,l o^jJI (Jj t jj I gl« >u (_^lJI iSjjjJ,! d j i^L>. diiLaj SjjJSLII 

Jjl>. La^s iEpithelial Cells 5^1 ^Utl 2_iKJI Lj}Lit£ 3 ua^ai&^-a Lj>U. 

,( Y<n ) sjjlji JjjKJI ^uzji^JI Lj>L>JI ^ (jjSj (j! (j^ji^jlj (jji^LJI 
:Neural stem cell "A^u^r^J^rAJiij^^». t 

LOLa- jjTi (j^a <>jj^-g.l iu aj Woolf A. S. jjjjI 'U I i_kJjj <jSi-aJ J^-2_3 

o£jLJu jlS 5 j i ir-ntl Lj^LiJI (jl Ijajvjj ij.£LjI,I (ji_L>JI 2 j j i r 2_ucjL>- 

tiilj j<uj i(j^_L*_U ^ j i n itl «.Lb (^ i " 1 1 K-i i K-i -cjj (Jlij-jLaj (jl J^-«J 

j-c-l!! j riT a jjk IjjI Likjli^lj I ^ o <frl (jl^J j j_is~ (J^sl^i. S Jx.l i n aj 




. I K ( ..j LLu L^jjiie3lj L^j '"'j Sj i L^lj-lj Lg^-uAli i-.sti 2x.jLa Niche aj£ 

Lj^>L>. ^1 jJ^cjj iS_jSL!l 4j (_gjJI g j i ii i 11 jl j i ia « II "tfi-u (J-K-ij jj^itjj ji.jJLi£.j 
ulij LL>. I I j U, LlI j_£ jij joJ (j^*-5 1 ^ j g j ini! I lj^>Li. (j-a 4_ua-uaicILa 

o£jLi Jjfcj StijIjJLi Sj^K Lj>L>- ^yJI J>=t^j (jt 5 j ; «-11 ^rj-cj^JI a_jliJI 

(j^SLj JL3 ^jKll unit L*jLlL>-I JjfcJ ScLJSLIl jj-C. cla- i n')! «.Lu ^ 

uL)1_Ll^>JI I j j a OjL^ t(j-l_L>J1 tjr x ^~'~^ Li-**^-* LV 3 ^-^"J— * ^— ^ J **< ) ^L^>- 

2j_uk (^l^ o^jJi diii ^ l (j ;r i j> i <»j aioLc a_iKJi <jjj£i ^ ajjj mU 

t_y£ dijlju joj^>JI LgjLjjjvj LjjljjJ £.l_cj| d j i uajJI c(_i£.jL>JI Lj^LiJI 
CjLJVI (jjS^i jJa Laj o r ScLiKJI i n't (j-j^Sj ^1 LgJLjjJa OuL^ «Jlslj^ 
(jl <j£-4J ajLlLJI 2j j »11 <Li£. JL>JI ^iliJI (jl j-tb l_L>- 1 i o _l La ,jSL! iSj-lTi^ 

i_al nt~ ^1 ,JjJ3 J-2-C cdj-jtjj joJ (_g jJI * t;r jiJI jjtj '^>^ Lj^L*- (jt-11 (Ji-*-^ 

.^j^JI ^iiJI 

d 5-j j II J-ua-3 1 J i Luj-C OjSLj V 4_4J^>Lo «I^j (j^-I ' Lj-£j— £1. JJ-JJ I 

(jl - Sj_cLii/ (jj^i (jl v^?^ <2jI_9-SL!I tfjuk iSK ii jl S^SLIL^ (j^Lol L^j 

i ii ill Lj^L>- I j ^ •**■■■ '"' («J (j-oj - ' — »1 uaJLI j uiajJI SjLj5tlI 1 j lu iL>- La O^lj^l 
CjI clj (jjs (j^ol_a CjI j" -^1 Jl^ L ^j| LjJLa LiJi '. L^J j S " i uJJ Sjjl_«JI 

CjL«_lL*jJI LjjjLj (_^>- l-^J^ (jr^ J Sj ■ "~ (jl l'" i j I" V Ljjl JljU i^jLJJI Sjjl jJI 
>A uuaj i ii ill (j^o 3jJLrt>5 d 1 1 uLua *Jl)1jLilj (J_a1 ^oil- 3j^_i-a (Jj i nll^ 

2_lL>. (^1 Jjjtjj i4jjLc Jjft JlIa ouL^ 2_lL>JI jJjjtUjj Sj_c.l_^3 t \~ 3 

(jLL,j_tuj ( _ ) ijJj^o cLcLLo SjLjjJ d 'i uuX\ 4_^C Jlj>JI 4_lL>JI O-aJ-ir" i »1 

(jjjv l 2_iSLjj_aVl (j^l m<") ^ »1 i^irVl 2^:ljj J <j « a j<u - d_;iSLII 

(^ j»Jil! 2 'i ii 1X1 2_lX.Jlj>JI 2_lL>JI 3_c1jj ,jjs (j^jLs^LJI (j-a 4-g. j _a^5e_a (jSLaj 

-I 



.f^Lij <j£.mi Lj5L>JI SjLjjJ jlc! i *a J^oL»^ dilij i2L_jiSLI1 (jllaj 1 1 1 ■> (_jiij^o 

j^JJ I q Ij^je-lJ jjjiJj ^^LLo ,_p3j_iJ O-ajLjr "i i nl l_L& d j r JL>J1 4_lL>JI (jl (_gl 

A^jf u ~( -r Jl cLSj^Sj Abbattista h m mLI ^JUaj^l lio-LJI L-Uajl 
j|j mj| £>Lc (^3 *l tajJI <j^a 2 i^ilV ~i , ui,1 a_<-C.jLj>JI 2_jL>JI Ij^ajLjr" i ,il 

Ja-aj ^jJI j-JLi-aJI j»Ja j^JI ^ c-JLJIj <Uretheral obstruction _ <_JL>JI 
jl .Glomeruli cIjLl^I cIjLjL^I j-Mc Uj-ojiiel^J la£j ^liUL. dJSLIl 
j«J pij'K 1 il!jLiL^iI>LI 4JSLII Lj>L>- 4xjLla j^jj ^ySiJI (j-o 2_LcjL=JI Lj}L>JI (jl 
£>LjJI 2-^U_c 3-£jl m, U 2_<_cj^>JI 2_lLSLII Lj}U- a_;_«^l l^liSj 
Jschemia /\ l yu^^X\ j»jJI j_£3 ^>Lc ^ I uajf e^ajiiei-ul l_«£ .( no ) | ,^1 

jJs La djl n j< ^ 4_uj_LiVl Lj>L>JI ^ jJi-3 4_lC jiij ^jJI 

cLiijJLi cLi^sLs. J^al (jjj i n'ij-aJI (jjljvLJI ^Jiieljjil Lj^ . jLv Jji»3 ^1 

3 SU;« ^1 ^k»tl <j^ L^SLjj-jt^J diljj iStem cell factor a_j_cjL^JI 

cU-jv jlj-3j-> (j' cr^l LiA j-J-ij (jl <j-« LiJ JjVj .a_iL^iI,l a_JSJI ^ jj ir-i Ml 
jl jj ,^ Ml a^_«Ju a_tKJI a^a- , <j_a i nl'i La £%uua\ (jl Duffield J 

U i — i Lj^Li- 4Ji-lj (_Jj^cj u-fl-Lll (jl <^J-^>- i^UajJI (^j-^J (j-a (_^Lj I j o j*C i uVI 

j^l jJ^jj (jSJ l aJSJi a^r ,m')I |»jJI ^Luai i <}mimj ^i ^j>^Ji aJSLil 

cL_Sjj_LaJ I o JUfc Lili F. j ■ 3j . Sj_<i I j a J-J-C 'l— a^j-Iaj j<uu I JUk (j I 
( _ ;r 3 d < ri I" a (^Lj L^jl JLu L»^ V j>l t^«tl (_^.aj Lj^L>- (jLi Sj_<iLJ,l 

(^^KJI i„;tl (j^Sj ^1 iEpithelial cells 3^1 ^Utl Lj>U»JI 

2 j 2 j 2 >ji sL>.i_aii ,jSL! " ' i j *«* i_uij li^e-i (^ 3j-*iij 1 aim 

c!jLLl$j"ij i ntl (jl i Y - • o j»Lc (^IrtjJI cl1jj_3j Stokman G (jLs£j~i , „ L*>Jti-3 
a jU r ,j^o Jj-<^j (^1 (j-* itijLiL^iI>U S^l i>i a jlj-a iCytokines 

^>l t^tll lj7 2^ (J-^J ' L^Jj j»jJI (Jj-i^3J (j-a a^ajj^>J,l jl a_ll i M, I S-J^JSLII d ii U i U 
(_gl - L$j| ^1 (jLa^jILji J^j'j ^ c| tH^ (J^ (j^ 1 cl d5 ;:e i Laj 

Lj^>Ls- J^eJO (jl ^UajJI iJ 2^ Ij^Li- Jjsl^. - CjLuS^jjjjJI 

(jl L^J (j^". aJ,l {_y* j£\ iGranulocytes L^ia a , , ->J,I L^j ,^ j- »1 ua_u j»j 
^ ^Luj (j| _ ^^^1 LMiJ (^1 . L^J i nj<"q t aj| uaXI aJSUI Lj>U. (^1 <_ukjG 

sa_JSLii (^ ajL^yi j-3j— a jj i^jji (jjs i <-ui ij/i a_cj_L«js (.^j ^^i— «Jl 



1 1 (j '< a 4-i£. JL>JI Llo j i^i-kj ij»LLaj<JI (_^-2j Lj^>L>. (j I (jLj^ajjj ( _ T £. JlJ j^s-T ( _ ;r l«-4JJ 
<CLoj_i £-j_u3jJU (jlj i t_il uaJ, I ;_gjK 11 i nitl £jXjl& <__) t j 4_tia_c i uJ V 

'"'l 'l '*-^ a 4j |»j-2j itLilSLIl - 1 a lu 2_jL«1I JLil^j A J." " (_)-«-£■ (j-Ij ^ 

j! I— pb.«tl ^.ii Lj>Ui- Sjjj_UaJLi (j^iJj Cytokines g ~ tVl 
2Lc jl>JI LMJJI |»l jLsei^l (j! j-i^j! <jLLJL ^ ^U. Yokoo T jl 

j-a^l i(_^aj^il ( _ T i-C 1 JjJljI/ I ^ i r d i ii li ) ^JaJjA,\ (j-a (j-ajajJI (jJLLll (j-a 

(j-t-lj>.L_jJI Lx-a iSj^>.jJ,1 SjjLoJLi (j-ujJj jj_UaJLi d jl r -5_j-«-J 

Umbilical ^j-^JI J^>JI jo &a ^jJJ 3 S ilUI SLlc jlj>JI ^^LV-i^l 
.( YV - - nA ) lyJSLIl ^L-uSJl ^LtL^I ^>LtJ cord blood 

(jl LiLIi i(j-CL>.l_jJl jAti (j^o 1 j j j $ I j j (jjj joJ (jl_a_£j~i < .i dJUa La ,jSL! 

Sj—J-l^ l_C.l_Lk>jl ^JT i^~J UU ^Jiil 2 % i~,t it,l 2_l_C.jL>Jl LJ^LJJI 

■ >_i li^'lLi <_ 1 1 j j S, 1L 2_j_4^ojJl 2_lcjV1 2_iLLisl >LiLo I ^; a ituKJI i mi^i" 

(J-ULHl (*Ua «11 u n't (j^a 3 ua IV "r u. U d_j_c Jl^>JI L>LiJI d-cljj i '"I 

a_uLk_> Lj>Li. L_$jf Ijj^-j .Glomerulosclerosis <^»U 

ajj^ojJl ol j j < M.llj 3-j-cjVI jOj>J 3;UjU .Endothelial cell 

S^Lcl c^jl_<i -»1 k»H ,j_a S-u^l a_j_c j^>JI LMJJI (j! ^1 l a_LLSJLt 

<t-ujJ! >l_Lt t_y£ O^jLi/ I i aj 1 (j^-! '4jI iaJU 'LjlSLll ' La ai3 (j-uJ JliJl»>j 



Lkji^jvjj ajjl_2_a (jUaj i ntLi t_il uaJL I 2 jKll i n't (^ Jij 2 j r Jl->J1 Lj^>L>JI 

^-u±i (J-oLc Ij_<j/L£ La-i- i j > . tillj 1 j " j"t I j ld o jl i uli cLa- in't^/1 (^ Sj_3^j 

(jlj iRex-l ^ _ (jj^jj a i nj_g 2jj_»i_jJI <j_lc Jl^JI cL_lL>JI jj^>.jJ o*^*-} 

jl -3_J^-J (jLLsj_<jJLi £ LiK-!l AjLl^I cliVLs~ i ii a (jlsLiitjl 

«jok (j! jSi_oJij .( YVY ) i ^] 0 j_ 1m jxX\ g-j ,,i;ii ^ a_j_cjL^>ji LjM^ji aja 

LuJlj>u ^1 i a_uLLj_ <J JI 3_L£: j^>JI 2_lU»JLi 2_caLiJI SjjJaiJI j^Li3 S^lILII 
^P^j^J d-jls. -5>^"J (j^ j<u-LaJI ^-j unt i JjUj (jLU J-<JI ^-J uU (jl 




ajLJLJI JLlcjlsJI 3.1.UJI ^ [lu 2_lUJI (jlj LjMi. ,>o jJsLUIj 

Jlj_3 jjyic- C^al-i Lx liJLufe^ LlA ^ mi 11 £J^J ijr-^ tcLulla^ i uli 
i nitl I (j ir Ij j < a OJ^J (jl <j-° J-J^ L&Jl^vJ Ur-^- (J^ Ur^' oLuaII (jl 
(j^-i (jr^ ^ - (j "^JJ i n't (_Lal_c (^**< i ii a fiLLis t Luajl t j-Ls j > i n"iU 
^ 2_j_£:jL^>JI 2_lL>JI Sjjj j! ->J-^-J f-^ 1 *L-C-5^n J-^-i J ""T (jr^- 

^rj i^l J_2Jj .3j_tlai. (jislj^ol £^>L«J Sjjs-Ljji Vj_L-v dJLLlaj L$j|j i j inf 
JjJLso (_3j_<_u Lkjlj_ul (j-CL>.LilJ Lgjljjjit-a ii" i " (Jj^II (j' 'u n a i'itL^ 

tU* j j U (j-aT I flj'Ulj^a jJL*j t_3j_<j/J iSJjJlX.J SjJJL>. d j jU CjLs^LS 

j»J^cj (jSukjJI (j-o cLa. j "i ii a olj-3l (_fj-<-u p (j 'a ^jj V i_3j i u fl i Lajlj 
Jjjj-SLjjJI OdJ - *"^' "M Ur^ - *— ^ '"* JS «-Sj— ><-!l (j-a 3j— P O^-'j ' jj 1 -' 

J_A CjJ^v ■ *j ^ 4jIj i . • "tl Cj| a 1 ^ ^j_t_o p j * rt ^a i n i V (_£^_t_uj 
^^Jc 3 ,^ S^cj^jJ! 2_ji>JI i_al JjJs OuL£ 2 j j • a c L^lj^a! IjjJLc 

(JJju SJitiUl 21aL>JI pufe.il i n -v L pJl La lj^JL«_J Lj>L>JI uU (^SLI pu^Jjis 

j^fl uli 1 j j "i V a (j^. i_uj_2JI Jjl!I ( _ ;r 3 I i « a m !VL^3 .SJLJ^a (jlslj-alj 




- 



jlj>JI 4-AjJI jjlc, j m-»Jl (j^L 



f' 



S_ji>JI .l_i.ftj.ll ,j-a j-J-SSj J_>! J-i»T LLj-^i 

,jJa U-' (j-2-UI <_>--tL>JI i_u-jJL_' i.-i i -J 4jLC jjJI 

(jL«i, LgJ <Lix.j_»JI tuliJI (jl 4JLuL>J Ij S(jjivLjJI 

L^jIj u n j l_3__jj_> (jl (jjJjJL »1 o U II j i JjJ__u 

jls _ tj^j-c LgJ jj _ l-^j^i oL- I jJ . Jl__j»JI 

£.1 «i__tl d :vj _ J-^J Cj->U LLc I "iri "l (jj_\3 

j! VI .*<____ (jJL. ^jJI ili-Vl U-Sj^ 

j-i^cj (j^ 5 "^' jl 'k-iiI C. j I ••«. £_*_aV SJsIjJ l-^-j>^ 
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__J>tl 




jJ^Lv (j£. \j "< ge n (jlj , 1 ^ . -»- * (J^-i 4 dLt-lJLi 4_j_La^M t cj1^>J1 ^v^' 

JL3 (jlJI j! i^MjJI (^3 L^aljijr" ml 4-lU.c: cLu! ^ Jflk" J13 ^1 iIjM < nijt 
L^jjI .^^LkJI 4_tLa.C (JlLa^/l j>l Jiir" i ii^>U I j «jj LaJ 4_li2_i£ I ' i j'» »j i u 1 j j taj 
dlaljLir" i ,il ^ JJ-^= tiJLuk Jjfc ij_uSLII jLUI «J^l j 1-J 1 4_;_c. j_j»J I 3_JL=hJ I 
(Jjk 1$4 J-J-ia tUojLi <■_)! i a a (jl i n il jl jJj-Lii^o j-^s-l Jl j*s i aJLj ( _jis ; jj^o £■ 

SjjJ^/I (j^-l <_i ,Jj( aj I «_£ ij-^>-T (jJJ m ri'ij J ui_>JI I o Uj-^>- (j-JjIjG 

(J-uJljjo tiiil ^| j i", j a t _ jr ^>-^A_«J I i f I lj ii ~ i ii a Jjfc ?4_ul_i_«_iSL!l 

CiX (jl S.-.JjkJ ...J^ ?4_tk: (jL£ l- 0 c^l O^iA' JL- 5 ^ AH" ^-^-^J- 0 

(jjj (jjo 4-J.3 jj^oVI j S "i i n"i V i_3j_u ■> i .i ->JI (jl (jjjL^Jj *L«1*JI ^Ij I jiSLjij 

JJJJJ S-^W Cy Cj| JlJJl^J L*JLui (jLl J < UiJ (j-LS- J-9-»J ^ J-#3 l(jjO^I 

i_Li£j 1 1 a cj^lcLilll S" i n" (jl 4jl V H i hf\ . jfij!^<ll 4jL_uj -s-J^jj £ *- c -_Jt'J ct 3 
2_5_l^jJI <i±jL^j j>itJ (jfj o? - c?- 3 ^Jl^ji aJI tiili . LiljjJ 

4_Ia_>J j-«-^i jJ 4jl !S(jLa^/l j (j-o5U JijaLs jjij »1 t->^»l (jjj (j^o 4 n i .iL>JI oj_al jlj 
jjLlI t<LL^j^Lij"M i .i II LgjLu^Laj Lgjl jjI (^ ( _ 3 _ii>j3j 4_lL>JI • ■ llj ta-ual J 3Jl>.| j 
«Lfljllaj (^r-^- N J ' ^"j 4 1 «i -v L*Uj (jjiSjul j it—iljjajjal LcjI i . ij U i V» I j ijjG LcjI 
<_(JtJ L*iIjJ . L^Jj^J 2_lL>JI 4jL^j (_^l i4IuL^j jjJI L*ilj i^jjj Ji3j i4jjLl>JI 4jj t l>JI 
■I mjJI Lj^Li- J-J-<t>- (^ (^Ij^jJI j-^LjjjJI (jj^J (jl t ■> i .i ->JI (Ji-JJ f-ijjui i_gl ^^i^- 
LsL^Lj (jj^J (j I 4jajj_ili '4j3 I j ■ at jl 4j jj LLuJa 4jjjS - ^I-«^>-VIjj _ I Ji3 

i4£.mi J 4_i£. ju>JI 4_lL>JLi (_^sl_>JI J ■ aaJI (^ UA^Lj L»£j . LajLg_a IjLi (j,iujj 
4_ijj»jlII ^LuHjVI I i i a > ^(^j-dlj (J^ (j^o 4_LaT (jj^J (jy^-l Ijjl i I (jl LlI^j 

1 uaj| (j^Jj i Laj <i i nj Ljj—lISLjj CjLjjJq3j CjI_ljJj_l3 iUS 3 Ci i n i\ (-3 -*J il (jir 

(jjj^i ^,3 4_lcjl3JI 2_lL>JLi Ji.jiill (jLs IjJ .S^jj^lj Lj}L>JI ^ viH^' 

^^ILs. i4_ij L^j (JIjiIu ^(j-^i (JSJ 4_uLLo 4_tiiljjLjj J j^^e-i (jjSj (jl t_u*J ■> i n -O I Ijuk 

. Ju^a3 (j£. j<ijl i nll (j;jjajill d*Lli ■> . .1 n'i V 

(_jyL>JI ^!>L«JI (_;,!£. Sj j 1 n 7i a <r ■ i .nt S^lcJljJI 4^^! ijiiLoljLieljj/l (jl jJsl^Jlj 

(^1 (jl «i^" '^iS- 5 ^ S-clj^a (^3 Ji-jG L^jf Jljj 'jrJ^J J^Lj cLcj^ j! 

tDrug screeningVjl 4_j^>JI Lj>UiJI <_i >^=J3 o^j^ u? ^ ^ ^ 
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jj-a jjJl«JI a_JL*_a p 2j {jjJs SjiSLi ^Jlst" i n* ^ jJU SjjSlil jl>JI 2_lL>JI ^Li-*a 
JJi3 Lj>L>. jij^-j ^J-c jjjfc (j-^»UI 2 K n. U e-uL£j ,( m ) SjjjVI 
_ d j < j j U L^>L>. c. i ih t L-ul_<-ul (jUsj_<jJI Ij^L>- »1 m" i nLi _ j i" ^J, 1 

ojui ^ jl>JI cLA^JLa i LiaT I o jl < » *Gli ojSLj (jl <i_lLc i^-^j i ^* 
Tissuea^a- ni'iVl ^ JL^JI Lj}L>J1 I i^ti! f ~i m") L«-£ 

Sjj^ojJI i^cjVlj i-.l aJI 4^»- i.rifj jJL>JL£ »1 <;•> rVl ^Llilj engineering 

[_ys <L*j1j d lj*C i""i I m U <" JL>J1 cUijJLa t Lij-^cj 
i M-cj Vlj id o j 1 1 n (jjSLi (j I I $ jl r c-^>-J J^Ji_a IjJ lOjij^j j i^ r jl mj 

.^IjJijVI a^Ui. Jju <J^>K mi a 

a_^jL>JI _ a_L£.j^>JI a_iL>JI ^ _ Lg_<-a (jLoVl c-^b-^ o^Lij Li* L& Uj 
. Jjal di! i (J^>- j-i^' i-LuaJLo (jjSLj LiibjL>. (j La i^>L«JLi 

(jSLUI jl^>. ^1 >LLo UvUJLS ^ ^ ^1 Ji> Lb>! I jUs dlljd 

jj-a J i .i -»J1 Lj^L><J J-jV (_^-<-u 1— <-u I Jaj_Zu ^Jj j 3 j JjaljJ ^LlA OJ-Sj (j! JljV 

S_lI>J I (j_a (jjjjjj IjLo (jjJIj>.l_jJI JJ^eJ (jl JjV 'jjj j aJIj (3^'>-^' 3^ ^" 
p i ■■ S u SjjLuJLo j-j-C 'Lflj I ^i^-^ '-^- 1 J^ L i>i ^' 1° .' 1 '"^ .' ' 

ja^jl |»l ^tjjjl 'm I o ii pufc L^j j K i"i y pu i n rVi ^_J-iJI (j-o 1_j!>Ls~ ^1 iUii a 
pukl tfjufcj i r-i i r-i V" 1, 1 Lj!>L>JI (j-o JJiiejs £jj SjjLaILo Lj^li- L^jjJjj-J 
^\ i n fljVI L^JjJLa 4^2Vt «J 1 f_y£ L^jj-aJLa- "i i nj »1 oUtl Cc L <^ > . d U S') 

L^j j 1 1 >i i i_i j j"-> J.l (_ya jrt!L>.LjJI (j I JljU . Lj^L><JI {y* lSj-^' ^>^' (jr'l 

pj Jncomplete differentiation j^UiJ! a ua^U j! Lol^i SjjLOo j^i: a i>,f 

j^ic 3j_Li~^l a_uj/Lj/VI <— 1\ mxill jjiaj (jLi ajLi^ SJjJljJI aj_uJI (jia 

uaJLI j < V» « II j I 1 11 ill ^P" • J (_yjoL2iJ( 4-tl^-C jJLa^l 

i2j(:L>. Loj iojLflJlI VI cj«:L>. La (^^a iSjjL^jJ.! SjljJljJI a_LcjLjJl Lj>L>JLj 



LUaJI L)ljjj tSjj j 4_ul_i— a— (_Lalj-Cj «JliljLJul (j-a J j i u3 La I gj| U<- I 
<1_^1JL>JI 4_lL>JI j-juLtH (jt-^ 5 * iL^jLuiSj Lj-aJj Lj-ilj-<ia L^jlj-C. (j-a I a- I U f I 
(j-u d j a t a i4_La Ij^cJb V Uj->- j uajj < LaLaj j i<i <tl L^Lit^ i<l_cjj>jj,l 

. £Uj_<-u 4_Lal ioJijJls- 

L^LiJI lj a loj (j^^LiJI (jl SJLil i gJI ^Jj . ^ a t < Lj^i LULa ^Lc J*v uuj 

. (j-i>>J j<U LuljJ (_J JJtJ J^J i La j f_yjs <CLil,l L^L>JI (_L-t-a jJ^Lv^VU - 

(^^LiJI jj-2i!l ^VU- ^ L}U- Jla 

.<L>.}Lc jljj La j i<ir (Ji-tj ^1 (j-L»jO <_LS_lJ jl (Jjj^sjj aljL^ j> -lir" . uj _ 

^^l^^^lSLiyijMJliJLuil^L^^ 

. LaLiJ jj uaJU d-3«jj<-a £>L«JI ^ 3_ajLir"iiiU 2-i£. ji^JI ^lLJI ;j|a£i (j! 

Ijuij iSjs^JI 2-aaL<-a £>L*JI ^ 4j>jJx-~,n\,\ 2_j£.Jl^JI 2_lL>JI (ja£i q\ _Y 

^^fl |(jta (JjsLLlIIj Ljj_>JLla d j lij 1 1 (jjlr J j 1 1-1 ->J 1 4_SjjJa 3_3j_«-a J a 
<— 1 1 ri ii->tl Laj <C*J i" i ii U L}L>JI ojufc cU jjAJJ La 43j_«_a t_^*-J L»£ ijjH>JLI 

2 "i i u i ii U L}L>Jt Jai. ^^fl (j-^J l£>*"^' L^LiJI <j-a Liij_uC. Lkj_^aj 

3iaj~LU 2_^cjLj>JI LOLiJI di\-a-Li2 (j-u j a" i ii U J jaSIjJI JajjJI j<uJ (jl -T 
LujJ cL2ja_a 4_LJLj>.j_a^ L^LiJI oJl^J Jj^l jj uaJLl ij'S'J L^LiJI tlajjai. ,j^a 

Lg-aL> -V" i ii I (Jj-S d j i iiLLa i_jjL>o CjL)Ij_l^. OJj^>- Jl^ (J3^ (1)' 

jj_UaJI 2^>.jj j? Toxicity Testing 3 < a mil S^j^J, l( jL^ojVI ^ 

(jl^j^JI SLp. (^rlc LjJJjiai- (_JJ_aj ujI^jjJI dja- mjj ( _ ;r 3 d j j i n" (_£jJI 

^(YVo) ^L^^^l - l ^y i ^ 

2_iLiJI ojuk L^vjJj-j-u 3_j_bLSL!1 j 2_aLi!l 2^jj>J,I djf Jl _ 0 

JL£ (j^JI 2_it^ail,l J-;i-C. JjLlillj ullL>.Li«iJ (JL*-a tiJLuk (jj^Lj V (_y-^>- '3 -i j U 

. cLaji^J c-i^ I jjlj ^ G 
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^Lucj^JI Lj>L>JI L&jg A t j i^LcjjJI Lj>L>JI fjl^ L$ia Jj 1 a -> 1 1 _ jVI (^iv 
^ uj $ 2_lL>.IjJI 2_j_j1>JI SJlSLIl Lj^>Us. ,j^a j Lj^Li. (_^-&j nj-<_L>JI (j-a 

(j-a Sijj^Ul (jjkj i2JL!LJI 2_uC.jjJI Lj>L>JI I uajf tiJLufca .«Luolll j! 2_ajj^l 

HSCs. f jU 3 t;^U 4_h^^>JI L?}UJI JLa < j_^>JI ^ SJlJLJI i^uiVl 

S-j-cj^JI Lj>UJI ^Jl 2_3l_u=)/Li I jok Fetal stem cell. Lcj , ,„1 U _ "\ <jru 
L>L^JI <jj> j_J-.Jj ^1 iEmbryonic germ cells 2_u_ji^JI 2_j_-oyij_^>JI 
jUa <>o 2_j_LjijJI 2_uLU ^ m tl Li}L>JI («u igonads J uuIL a-j-a>i >^JI 
2 <j jUj 2_ukLo i^jjtj (j' -4^ lL^lIs (jjiJ j^l i^itl ojuk iTeratomas 2_u^>JI 

^ jJ>.p 2_u-a! i_)l*lju>.l I uajf t£j"Lufc Jj il flia ju>.jj ^1 2_<-C.jLj>JI Lj}L>JI 

: (jjivLJI ^mij diljj ijj uaJU Ijuk cL»j-aj iLa^Loj L$J (j o i >i 'l 
(j-a _ <U£.jL>JI Lj}1->JI j J 1^1 a - j J laJU _ji>. <j^a juitiL! Ciljl jILa.1 *Ijj>.Li _ 

. j_J| . . . 4jj U ii 1 1 j 4;Uj/Jj_Li!lj Sjj_uSLJI (jlalj^o^^ i4jJL«J,I (jislj-a^/l 
«juk (jl i_3j)j_*J,l (j-4-3 i^^LjjJI JLj£UI ,jjij)j_i-3 i ( _ > l3lj_aVI (JL-La 
' alj jl JJLi- <Li I J j ^ 2_lLc I (jl ' a ' J»_j£LII '.'J <^->l ' "Jj J 

J' 

L^jlj 2jJL»!I S^iiJIj Hepatocyte stem cell 4jjl£JI ^ti^W 

L$j| <Jl! jj-iA! I ,_j^3l_y>. (j-a <tj| i_3j|j_m (j-«-3 ijju^M (jjjjj_i£ : ju>.T (Jllla 
Stjj^. 4_j ua " «" joj i4_ca Uj-^>- ^ .' 1 HoSt (JjLkJI £ Lji ; >- LjJ (J^ (J^^ 

4jjLijJI i .i ill (j^j^La (j^l I j ulos dJJ ju i Lgjl i n->J (J-«-*J "lijtjjoj 'j-^J 

2jl_caJ,l 2 j r JljJI 2_lL>JI (JL>- (Jj-je-u (jl dJJj '2 j , „jj j A 1 1 ^ j| cbjLijJt jl 
1 1 r-M ,jj jjJaJLi i^^>L«i! L^al J-a-"i i »1 J> (_^-II ' L&Lj-i i—As (^ j ii" i n a (jjjjj-Lflj 
.^Mc (^1 ^Ll^j (jlJI ^ 2JL»JI ojUk ^ Jj i^MjJI ^ J^ 3 )" (jr^ 1 

jui-Jj 4lo (^jJI jij-aJI L^ia (^iJI Pedigree «-.i.utl Bj^a- uJ J-al-? ^jj ^" - 

(^a <j-"^j ^ (jt J^liU i2_lc. j-=JI Lj>L>JI b sjt 

di t_ijl_3l (^ Sjj^>-j_a j—a^s/l 3_a-j_2_» (^ t^yJb l_ «J-u i jjk «U Sj_ikLLi j-j-C. 
Jul jj3 (j a (j-aj . Jaj^tLa J 'C i"i_l ^t-i i qj| (_;,!£. Lkj riU f'J'-C- («-^-J (jr^ 1 2ijl_«JI 

S_UC.jL>JI SjiiJI tfjufc (jl l_ajj3jJI l2JjL«JI jl I. i I nitl j<UjJjJJ «L-uIjJ 




6-i.cS.?JI\iItII 



ie-j-^a 4_j_CJLa. Lj^>L>. d j La « i (jl 4_«£L>JI (j^a (j uji fl n_gj*C i uli 
(j^J jJi3 . L^*^ i uli (=. 1 JlI (^yljLl £ljjLj cUjJ ij\jj>. (j_a jl ^j^*"" '"' (j-* - (j-^LjJ^-i- 1 

UJI ^LL^JI 

>_<la Lj^>l_jtj p 3 N c ~j -> uaJI (j-o ^ iij La ■< -ASJI ( _ ;r jJ3j_o -j-^-l J^— *- °J 

(jlslj-o^ ( _ ;r u3j_o j^J^i ''J-*-"' (j- 4 Cr'' ^^-^ (j' 0 Sj-jl— 4-IL0 

. I gllcj 1 -ij LSJI 

4_a^juj o^H 0 lS' (J * '"' ~ I S_aj5UI cLjjIjjJI uliljl 1 "1 -» .VI s-lj-^-J - 

j J 1^ a jl (_,U« a ^jj-L». (_,-3 Vj^je-a IJJ^J 'J-^' j' (jr^ ^ Sj-alaJ 

. Lj>L>JI tfjuk 

Alfa -(j-ll^j J' 1 " - l— ill ( _ ;r fl uiJ (j^aL^s. O^*- (j^ 1 j uiSUI (j-o J-jV '.(JLTL^o 

jjjjeji njj 1 11 m^jLi (_P=>i >SLjX( j>$-IaJI JjjUal.1 (jrt^>JI j-*j Synuclein 
Neuronal Progenitor cells 2_JjVl 3j ..^ «11 L_.}UJI ^ j_aliaJI <j_-=JI Ijuk 

UI 

Li U£ 6j '"'j^jW 4_J>L=tjVI 3 j ji^tll (_p=l j^oVl ^pLc ^-a U>LkJI 

(WO . . 

d_ulj^J1 (_pa1j._a^M (jl J-&J td (j I JJl-lssJI Ijufc (^^fl p^-a ^tjr*-" ^— 

c(_c.j_«_>J, dj a- j "i i (j_jSj Jl^j ijij-lj tlA^ J^>-lj ( _ ;r i : uj|j-i J-J-i-a {_y& 

'.(^L^-Lll ( _ ;r JLujj. jj I ^liil ( _ ;r 3 (Jii- Jl kj Lg-La Ji^vlj i. m i^ ) <J1jI_Llj>. 

LjJLc. (^IjjJI (_p3j.^l (ji jjk ^J- 1 Ua .j_p3j.il jj^U j^yS I j j i n (jj^i 

jl^ i >.jAU ,_IL>J cLjjcjjj CjJl^cj (jl 3 tj ^ , ,, 1 1 i ii_i^j.^a (Jii- 4j*_uj CjJl^cj 

Jii- (j-a J-J-'J C ^L)J-" t_yo\_y»$\ p < o fl diljj '.JJ^I (j^j i ht a j-fC. UJ^i 
( _ h a cLcj^jJc-a (_ya L-J^J-a ^ri jUjJl (jrGjj.jJI Ijjk UJ^i ^J 'L^HJJ-^ J-^' 
_ I Q 't a (j-a «j^>- LjLljvIj _ I Q 't a ^ (j^SLj Jl3 ^^-lll 1 4 i I" ^«1 1 <Jl! LLujj-jJ I 

d K i"i f_yjs alt ( _ T i_i_2_>JI i. ij inU i_aj_3jJlj OJLjJL>uj d ir^i j V i"i" 

jjjijJ diljJ .ajLii! aJ.JLiu3 ^yjfc Jj ai^u i.-, injl 3 jU r ij_Li.Vl 
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^Ij-^l i a ifu£j j! <U-C. jL»JI Lj}L=>JL> ^5L«_LI j^j-o (^f jjjJLa ^ 

5_ajt_j- "i i i, U 2 j r j-jJl Lj>U>JI ^ L&jij-jvj J_«JL^>J.I <L_uljjJI 

Lj^Li. jLl1js~V «LL-K-^o «JllLo-i^lj-a dJLlfls (j I cLajLoJI Jj 1^1 ritl Lij_?i 

J' 

Cm m i n"l LOL>JI OJufc (jlj iSjJire^a Cll ri irrljju "l-i^K-a (j^Lal (j-a <U-L«_a 4-uCJL>- 
-J JIJ-uj V j J_;U4_>J I (j-o I fljlr jjri" a <S_Liji^q i_3 Jjli (jr^J (j'*-*- 0 (J'** J j" ^JL 1 

Lj^L>JI (j ..'v «Ju j m i n U i_ajjJi ^^a j_tjJu jl ,J1>. mjI (jlj . I ^ir 

d—j-cju». Lj}Li. ^Ij-ir "i ml 2_«£L>JI <j-«£i dUjJ i La>jjUj j! I a «I ih fljlj 
l_J-«-^>- Sj^La Cj«:L>. Llfli (j-oj . !Jl_lj>. (jjjjjJL^a Lj^Li. dai- (j-a 2-j_j_gJI cL^ajU a 

^^a joSL^tjJI Ijuk L«i? . I fljlr Ij-Laj jJa (_^lJI cjIj^JLiII Ijj-ujJj (jl 

^^^Ijv - 2 jj I U 1 1 j_c_J| i-.|j ^ — ^ S^c^j IIlSj i2_aj>UI S-uIjJLll CjLsLl^I 
joSLa^l J-olj-C Jjj-i lilljuj t I (j M IU cbjjC.jJ.1 ^J^j^/I (^Jl Lj>U>JI 

.d-LcjjJI 4Jitil <U-La^l i_4j|^jj| (^ic: SjJa^uJIj 
I ;\> — iL^jljj 2 I n*i 1 1, a 2_^_LaLbj Sjbvj^ S^jLsJI 2jJiJI ^1 LjjJij 

Ljj^iej Iji^a i j i" 1 1. U jJl^lIIj ^1 . ..s 2jj1j a" i »^1 ( _ ;r i^ L^jjjL^a 

(jjijjLail JljSiJ L^Lua. ij^ljjJI I ga: a ( _ ;r a j-f-ij S$ La I 'jj i"i i_dl_Lfl! 
(j^j-S i^^>L«JI Lj^a J-a- "i i m V LlLkjcj Ijukj i L^J L2-J i ■■ a £Uc_j_usjil 45jj_itil 



4_U 



jaV di!jJ .^>LJI j^a 5^>jLjr~iinU d^j^JI 2_lL>JI L-kj i^j S>Li^ j^a jjJj 

cL^C JL>JI Lj^LiJI I (j ja ^ i n(i m (_^lJI 4_LL«JtI,l (jjijjLoilj j_uLitil o juk Sij-jLA jj^a 
I ^ i n JkaLej (jl (j^aJ^s- L)' (J^ tla^a Ijuk ij^jj 




a^ckaJI'ft. iItII 



(j o u3 Ji-Jj <ri j ~i i ii U j^a 4j^ijij>JI Lj>L>JLi 2Uj I ^LlIljJ! i-sjjiaJl J£ (j! 

(^15 jL-C. j I i n^Vl jL-C. N i a • 2 jj I U 1 1 jl "1 lj 2 ^ j 1 1 j_ul_«Jll o 

id.ajj Lj i m -r aj I j i nLLa (jcSLj j! JjV Lj>L>JI oj-gJ j»j}Ul (jcJj£L!l J j, in<f 

ty» j^i-Ul Serum ^ uJI j! Ji^U JiLa <3_ul jJLJI c m m,, U cjbaSLa dlljt^a 

5lla <j^e-i3 ? LOLiJl jlj-usl 'U J-ifcJ Sct_ia^>L-u (_£ JlA La (_£j3 ijUL^I 

(BSE) Bovine Spongiform Encephalopathy j 2 Jl j*, j a (jl 

^Jiir" i .i U _ jLaj^/l ojufc J n-i a (jl ,j^a Jl^OJI (j-a JjV dlljj '.jLlj^I (^ Jiajva^a 
Lj^>L>. ^ U->uj (J^ti i i i n_i 4jl OjJ mJJlII i(_p3jJ,l I ju& (j-a _olieJ _ d J i" i n U (^ 
V" i n') (j^s- I i I . £^>I_«JI d jlo r S^o^L^ ^ p ijaj liiljjj ij-1,1 mj?j 

(j-a j^hj (j! jM-jJI Neural stem cell 5j w^<tl 2_l^ j^l LOCJI 

(jaJLa-LiJI J^JLJ liili (J^^ •J-^-^' OJ-^" O^J-' 1 A 1 (J^lj-*JI (j- 0 ^iiej L$j| 
(jSLI .j ii 1 11 (j_ii>- <_P=>i liLH**' >^ jLSjVI f'j-i-ui JL ) j "i i n l (_Jx. 

Chengcheng Zhang jJlj j_Lui j^>-j J^ylj J^a >>-^ s-^k^' cr^J 
JSLAj j^-jj j 2-JI u>-ij-J (jjijjjJI 1. 1 j i n U Prion (PrP) (jajj_JI (j^$>j (jt 
I i ,i _mj Ijjj s- 1 ^ ^Is i*- YVV ^ j»jd! 2jj£J,| 2_j_cj^>Jl 2_jliJ| u , j j U 

«JllLl tlj-jLj-O* «JllLic^La cU (_gjJI Cm i" mJU (jl_3 Laj or j .Sl_L>Jl JL^3 ^^i^- L^jLflj 

. p 1 ♦ i i n 4_j3 i ) ^Cj-a ^ 3^1 

•.Mouse embryonic fibroblast feeder cells "uTunti 

f_yjs (jjij (jl S- 1 ^ 2 j_c j -^-H Lj^L >J1 Cii\ i i" i ,il (jl J-j-3 (j^a I i \ 

j-SljJl (_^3j • Lj!>L>J1 ^ I . .. S ilj j_cJj cLjloL>J1 CjLs-LlIjvVI ^jn'i. 4j Ci j i" i n a 

b 2_^LiJl (jLaVl oUIj^-l 
jl J ~ 1 (_^-3 Lj-aL> V* i nl t_y£ \ i>i_)l (jSLIj nUii 3 ^^L«J1 (^ (jJifJ i2_j_c.jL>Jl 
2_j*_,jjVl 2_c:Lu^5 (^3 L-^-al Jiir "i i nl ^ L-Uajfj il_^j(:Li^j SjjJ^jJl 4jjjVl 
l 2_ l ^ 5 UV 2_uj^I 2_ui j^Jl Li>UJl Ci j i" i n a f^jjs di Ijj's a 1 tj .2_j^_i^J| c(_<j/ JLi^JLi 

Feeder cells^jJLLll j^Ijj Lj>U- 2 a alX\ JLal\ Lj>Li. ^Ij^SUI 
Leukemia Inhibitory FactorL-a^^iJl . U u a J^Lc ^ a . n't SjLa ^1 
. jjLaJiJLi LjJ ^ a i n* V LjJSLlj 2_j£. j Lj >Jl Lj^LiJI ^1 . n"'tLi ^ a i n* ^^l i(LIF) 
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Lgla-I > (_g^j>o JL2 (j-^'j 'j' - ^' U-° 5jji>Lo tLaJiHI Lj^L><JI (jl 2_5>-*- 0 J-A L*£j 
» I i h c I ji cLa- 1 .i 1 1 ji Lj^li- (J-2j J_t£. (jl i ii tMJ (jlj_L>JI (j^o J S j 'a JL3 Luslj^oi 

;Xenotransplantation jLuuVI ^ a_ul^-L^. a_jr uji ^Ij^jLi <-a La ^ 

.LIF (278) SjLo LLuJuj <c*j 'u mil ciLi^SLo ^1 i al ■ 3.jjlx-o 2ijj_«^o 
(jj mJLSLmjj Sj^j-j ^jj j >JI Geron ^jl» j >■ u< I j^jk 

£ya d ii "i i", a Sjj-ilij SjLo j*Lt V" t nl fjj^ i Y ♦ ♦ \ j»L«JI j_jIj_j-3 id_i£Ljj_aVI 

Basement membrane^l iSJJI g^nnl! jl L}L>JI 

IjJljvjj .jLiJI (j^a Sbj-UI L}L»JI ^e. >Ljja i.-, i r, mU (jja m* matrix 

LgjjjJLt i La ii" ->u C-JIjLa i4-tiiij»JI cU£.JL>JI (jLjijVI Lj^li- (jl Lg-ol J*ic2j-a\ <XxC 
JJa j^S j^L>. (J>i-VI a ua <^V~U Lj}LJJI £J-*J>- (jJI jjLdJIj j>l ih n 't VI (^Lc 

.SjjjJLI a.jiji^JI jLiJI Lj>U- sjL^ 

Ci j S i ii U CjLjjSLo ^yfl i(jjj_L>- OjJx.l i ii aj Li Y 
j-aJj ^j^Ulj (j-oVI i. . i .iLUI Ci J i" i ii alt (j-t-«_a ^LLij JJj^eJLl Ij^oL^J tj^-ll inti 
^Ij-l-^JI Jj^ail <j£. I j i i "i i ulj . S-lIjUjJI 3 j r j->Jl l_Ol->JI f\ < " 'i 't t J 
3jl «J i j a_Ll1 C_)1j d ;t a i _3—* * l£L> l -"- J ^J^ 1 ^ a -^lj * 4_) I^Jj i_j i_u1j 

Lu^s j5Lli ^^k. t j 1 1 a > j ^aminin jrj-LysMJI 

^^ic ( _ T I : Lj>JI j j j « "i 1 1 JJljjj jl j—iiLu jsJj i L04-=tl! ljr a^ -U j^A^j^l\ jl w iu uaJ I 

c.rjj Lj>L>JI (j! .c<j~f mU j^a 2j£. j^>JI Lj>L>JI >Uj J^Ja ac.j 

jjIL><J,I L^-jj (j^>- 4 '^"^-»"11 Lj^L><JI J^!-*^ ' " ' *° c CjI'ij u i ii U ojuk 

tfjuk 2-3j-«-o (j^o JjV ^^>L«-II (_y£ ^-i^'^- Lj^Li» ^jLir" i n't ( _ ;T SLI 

: 43j_«js ,j^o JLtV ijji>J,l ^yfl (_y-&J Lj!M->>JI 

Cell morphology2uL»Jl Lo»^^j>a_ 

I (j tr\ -r flj joIjj ,2_lL>JI i_3j_»lJI I o (j a IjjJ 4j_Lc Jj ir-i ->JI 

>tT AJL (jjiJ I Jlj^j .d-j-S (_Jj^C.jJ,l ^J-iJI L-^-jl (j-a J_£l— jJIj j (j -^JLI d U i nl^J 

jjLiij d_usjjj^>Jlj d_Uj_L>JI cU£.jij>JI <jj ui j T t Lj^L><JI (jl I '«le liLs 'j j i u-tll 
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c>.t- jj jjjfc j^lll g-j mlll Lj>L>. ^Jl jjL«-jj 3JLILJI 2_i-cjij>JI Lj>L>JI (jfj 

j a 23 (j I djjJilJI <LuaL>. JjjjJo (j_c LgJ (jSLs-i 1—^-1 1 I o £ id_La CjI iiu j I d_j_3 

LoLxj jjLiLo L^L><-!I (j-* J-^^ i_r^l (JlJ-*-^ ij'j 4_U;|Jl>JI 4-j-S_lLl1I JjJlj>JI 
LUic _jj J^t 'crli^' 3.u,il>JI J^ljJ.1 (^3 <— iT uu d_La g-j i uill Lj}L>. ^jJJ 

cLt-aL>. _ j j -wt t o^>o jjl i a 1 J ^u'w (j_« l_i^L>J1 aJJt ^«i*». (jl 

d i j a « ir-i L£j.}^/ iJ'C i"itl jj>.*$\ L y2JLj]\ £-a I j i cL^jl mi "i a — jjLcjJI 

Cell surface antigens Suuji 5!»« GLU^OjI ji _ 

^ tfju* (jl <>o j^LiU j! t j j j >JU ^ L-yjJ ^1 1_j>L>JI iJu^jlJIJ 

^yk. JjJ jjVI (j! Lila I ilj . Llsj^i: (jj-S <>o £>L*]J d-i^lkl,! c-j^jJ,! 
dls-j^o (JSLI Sj_^4-aj d_i^a Li. d o ik-i i ,Jj i Lj^LjJ I ,j^o £jj JSLiJ L#J djLO L><J I 

J^J HSCs ^oll a .;,,-, U j^>JI Lj>UJI : JLL» 
(jl LiUa liLa .3 ^ i'jjt, ^jJ>-'\ Lj>L>. J-«-^j (j' <1>^? ^ iCD34 m* 

(jjjj do ini jJI aJJt A t i"i") <Jli I o i nlj ,_)^^>>j f.\ uia-i-j II j»jJI LOL>- 

i ffh^ej ^JjVi ajuji ^ a omi^Ji (ji^ ^jlU a»M^u a^cj^Ji l>uji ^ l — t 

a j j .tl a_j^ijLjJI Lj>L>JI (jl I uajf Lila li[j .SjjJ^C 4^>-jl a_uLUI ,j^: 

UJI CD34 

d ajj ie o d i i ulj J i — i N " w j " a i^jU d » * ua 1 , 1 d ^ cj >JI Lj^>I i<-!L> 

^ Noggin (j o uu a « ml j >LiLo J^>J c^Uj j .^ttl Lj>Li-j CD133 u o < 

d_. >j ' ' • 1 1 l_i^L>J1 jj..^^ Li-Lu djij w ^. • 1 1 l_i^L>J1 3l_p* (j^a d_t_L»_a dJLvj^o 
!(_Jji>JI ^^LuJI (J^lj-^o (j-o d_L>.j_js (^ NF o i n") d o m lj I (j i .i ri'i 

dj (ji^ ia-j^j^i j_uL <jjs>-j a_j£. j^>ji l>l>ji ^i^f j-j-*^- ^ ijiSL&j 

oj_^4J I i>i_il (jSL!j (j£. i U 7i fl (jjif! i>j-J-4J (j-^' dj|_«-<j/ljj dJil o i .iJ djLa^lc 

(^Sj ajajj ^ I ; j j i^i_) Mjjdl jJlJsJI jjfc (_g jJI j_j_jJLl!l jjk Id i n .i') (j£. 
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Biochemical Markers ^^.^S dU^u^ - 

ljr £ CjJUso jj^JI ' .'N SJLi "*^l Ol A i C (j-a Lj_4_l^ CjL*-j-La fjr&J 

LN-^. N j <i mjVl (j^s j? LN-j>JI (j^j J£L! 3j- T i-4-<5 (jj^jj i2_iL>JI 

SJ-laJLI Neurotransmitters u: <s>*\\ J^ajll jj^j Nerve cells t_il uacVl 

_ Luk (jl «Lljl—iJI j|j_LI ,j-a I j c j jriil " 1 "J-* I mtlj ^r* lj ... iVI 

Gene expression & cell type 2l^i^j^LoJI 

c(_ulSLoj 3j_ii I <j ir j_ icU tL-i^aLa. CIiLLlj». cU LjN— ><JI (j-o (J£ 
LjN— ><JI N o 3 • I SjJlj*_o 't-c^JJi-a cLoJij lSAP j' O ^ *"' iSjJiie-o 

4 o ^ 1 1 (J-*£j (_^J CjLLlj». (J-4-C IJLjj jaJ ij-ajij N— 3 CjLLljjJI o j-4 
ojuk . |j j i? 1" JJ-^ 3 (jr^l jj) U ~\J jAi J-^^-J 3 c^>U>JI 

il_uk 2_JL>JI (Ji-lj i^si LdJj (j uS[ <"i I j 1 ■■ aj Ltj-i—L-tJLi cjI_Llj>JI 

( _ ;r 3j . Lkj_j_cj (Jl ' a jVI diljLiiilj ^ 1 11 i tl (J-alj t £ cLLi_<_a £L_|jjjjj.j _j_a 
^JLc L_lj>.j Ui. 1 1 j'" flj £^c. Cj 1_Llj>J I j_L-i_tJ (j uS[ t i j I ' eaj I ^ ...A. C^SjJ I 

3j-3 ljJL»J (»N— C^/L^ CjL« t^lj 3jj 1^1 4_jJL>JI (J£L^ J I ( _ ;r »-jJ3_3jj_a 

£L_tL>JI j-J-«j L^J £L_lj>.jLj>.j <L_tL>.|j LljjJ (JJ^i <*J (j-^J 1 1 j se U 1 .il 

N "1 o a i4JLi_»_a LN-^i- (J-«-»J ^ <JLi Ll_4^>. tiJLuk (jl La^ .j-jJLjJLI Lkjjisj 




'^jcjjJI'kjJLaJI 



Transcriptional factors iUc^JiiLl>Jl^ j^^dJl .j^a _ 

U i a I Cl\ 0 i ul jJI _jl*J I fl-L^ (_L±3 (j-OJ Sij^?^' d)* 1 J J. 1 *"H LSj^ 1 *^ ' J*C iJLH 

2\.~X;« F.Yons CjUj w 'l p u. la Jj « J " 1 : i 1 ** (jrtJ>Jl-3 !SLj>UJI 

ij»j_<j/j_ajj^ (jjs j_I L^i (jji-^ J* w * .' 1 a H <J_9-^ IntfOnS «JliLjjli.JiJ I g < a KJ (j^- 
, (j-vj>J1 jj-^ ^ jj jlIH Jaj «LiLa-C 5Jj)J i ii a 4_jx-jlajj d)^!-*' O"^-?*-!!- 1 ' ""JJ 

QJ^ L*^>-j L^-j (_>"=L>- 0^J>-^ J "1 ' ^ .'"j" * O^^W c LLa_pJ,l (j^Lo^/l ojuk 

(JSLl (_^L>JI i nitl J^alj-C jl (J^oLc _ y I j fl t |j ( J_o_2Jl_^ l_al_«-! _ Lkj_j_C 

Oi-jj < uaJI ^j-a £*\ JL>.^_i »^J^>* (4_il_iiJ Sj ji < r> (Jj-^t-jj d)l tillj 'O"*-** 

(jrJJ5CJ — uiil (JtH*- g 1 " 'J 

£-«J 'u -^Jl 

cj1_L_>JI i_aVT ijJLuk (jl (Jj 1 t-i S fl ! juk <j-u_J . LaLaj <U Lj^LLo Jls oj-j^- 

(^Is. O^*- J^l ^IjjUI Jjiill <-_^>-j I jj Id i ii li'i Cj^jJI i n m Jl3 

(JjLflJI) ^jt^ i" 11 cL2ja_Lo £_« ^1 ~i iil,l) i nitl J-aLc J-^e-JJ -(j^ J£ >!VLl 

rijUjJl joJj (j- 0 J ' Lj-^ (J-aL»JI ( _ ;r ijJi La j|j£L! I (j-Gjij-jJI (JSL<I/ j-J-*J CjJlj*j 
j_l»j j<u (j^J - iiJ-5LjxJI i t-ij-»- - LijJt JSLZu j-JJtJ CjJl^cj j<u (j^J 

cI_lj1jJlj>. LjjJI ^j a * d)' d ^jj^J Hj ' L-S ■ i rt c ^^-3 ^-«j-j-s Sg i a S rt w a j toj 
JjjjijJI LjjJI jJjJ ■ ' t- afl i «j I U 1 1 (j^j>J| I jjl c jjiLUI ijIaLtil iyG-jLijj\^*] I 

i JJlj*^o (J-a-C LlLs^Ij J jja (j-o LtlS 2_lL>JI ^1 r L^jjI (j iK < m i2j_Lj(_a 

L^J £Lj_cJlj>J| 4_lL>JIj .4j_L>JI La i ■■ (j}3^ Ij-iLaj CjI o i »1j (JSL<I/ 1_l>-jL>.j 

oJj^-jj . (j^l ^ j j' a L«jk (_^jJI 4jja-uJI jl 4jj_«jlII 4LvjJLI La-g-oa (J^ (J^JJ lC ^^ 
La^a i4_a-j t i^-itlj 2 ir^ll 3_iL>JI 2JL>. . (>tio.LJI jic . Jja tfJj^-J ^ J^c jl 

Karyotype analysis 2ut 2ui>JJ ^31 >iJ l Aa+lS l y-a»^ _ 

jj! S-'-SEJ IjJ-C (jL^j^l (jr^ i^jLaj_<j/j-ajj£JI jl CjI j ij ir->tl JJ^C j j "i <_) 
(Jj OJljlII Ij i r-Ti ii a (j-aJj . (jl uajlj <Lx£ SjLjj V LuLj Lajlj (jj^Lj 

CjjLj j»_jjj/j^a (ji^i L)' S-^^^ H 1 - 3 ' ^ "' ^ ' u Ji 3 jLU 3- a SJ^^ >_<-i$^lll ^1 tflj-»jj 
( ^ys d 5Lii_a (Jjj 5^-3 . <Jl! 1_Lj_>J I ,j-a ^ t j i U 1 1 JJ^jlII J^jcj il_ij_^j_lll 

^jj V I i_ij*ja 'J- 1 '"^ CJ-^J^JJ-^ '-^J-k Ur^ O-a-stjJlj i"i Lalui JL3 ^j_<j/j_a_aj^ 
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iCjI_Llj>. (j^a L^j 1_4 ■ d c I ciaj ^3 (j-aj Cid-C 1 uaj JL9 w * j < a II ij^- d alaJLa 
w » j ua.ll 4-j>.j.} \ A • C-ui ~tl jJa w « j i a II (j-a La 4 2jaXa t_£j-i ^1 <_^*jia 

jja ViJ-aj-m LaSjoa L5_l3J l_i_ujj «LjjjJU diLc-^JI (j I (_ T i*J Ijtjk (jl jl 
LLoLijjI ^ La pj 1 1 dilj L^lfl-j Laj (j-o Ijjj $ Uj^>- iljjJia ^LlILjj I j «JIiJl^ 
<U_LJ<_a «Ja^ (j-<_! CjJLjs. JlJ3 VjLlJ 1_iJeJJ il_ij-£j_jjl £_a I j i nl—ml 

i_>j-£jJl!I j! JJ^jlII ^ Jii. (_g! . IjlSL&j J-S^t (j^-a J-<-u>-a 

i j j "i ^J. 1 f^^Js 4j ' La a j — 1 I LOLiJI i La > ( _ ;r 3 4_^cJlj>JI LOL>«JI <JliLyaj_<j/^ajj_£ 

^1 Jj i_aj i .i a cjjl>. (jl Ij^j . jUtl (j^-j (_p3^)_iil i_alj^tjl oLl«_a 
. I_$j J£>U ^!>L«-II <±jIjlj>.I ^^^ic SjjLa j^-c-j 2_L«T 2_Jaj^a cu_c. j.». <L<1>. 
ijiil _i t j i^ll j >-ij jL Karyotype <_pl ^Ul lU^uJI 2_^Ijjli dJJj 

(«u Metaphase »lj ~. ,„VI j^U ^ LLaLa! 

dilj^j .i. ,IUH i. a»> (jrt^. J£ JU. L$j (j^utij ^1 DNA Microarray dili 
dllj^j <PCR l j^ J luZX\ Sj-JJI J^Luj t DNA sequencer LjjJI 31, „I,,, jL^>. 
i ^jUi uu diljaj . 4_Lj_3lj (jrt^. ^ j j «U protein Profile jrGjij_JI jj_a 

Biological ^UH^a-aii*»" mtia-^jLjJI biljJJ ( ^>.jij^ i S\ dai£jS\ _ 

activity stem cells 

I y \ A , L^j|j_j^aj ^^L«J-I Sjjtil 2_^C JLsJI 2_lL>JI 2j itsLa (jjs JL^OJI JlJLJ 
jJjjJss dJJjij , 2 .j I U 1 1 a j /-j ' \ t ^ 1 -^.tl (jl 1 Lalj L^Ii_ufcl aj I j " « j j Laj 
,J_ii J-Aj 4_L^a J_^l jJI CjJc-J p j a jjj ^t^*^ ' ^ (3^' '- J ' j LajJI 

V 2_LoLi. 3J,>L^ L^jf (»f SlaLc 3 U uu a^ii. ^ SJaaj V j! J^ju Lj>UJI 

(jjjL-Lill ^jLir" i n_i ^ "i a 3 id_i_c.jL>Jl 2_lL>JI tlaLij JjJljo ,j^a JjV diljd 
SjjLaJUI 4j^.jlj>JI Lj>L>JI (j^a jjLiJI jr<Ja_<jijVl (ja^aj.* tlaLij 2_3j-J<i, Cr «^l\ 

Bioassay_i i-3>ju La at-w„ljj dilij ia-u^Lj^^lJI jjL&j^jV LMi. ^Jl 

(jjl SjjLalUlj d I r-M r-lV" l, I LOLjJI lIjVLs- IjlSLikj .(_g_a;pJI (JJjLlSJI jl 

(YA1) , . , .., . 



... 
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jLill JiLa i_!jL->o (jlj_LJv ^1 Vjl I giuali diljij J i n-»Jl fj^C 2_a|_«J| I (j'a^L^/ 

j' ** 
2 t t jJL«J,| £_Lu±i!l ^ 4j>JL«J,I ^LcjjJI Lj>L>JI ^Lajjl 2_lL«x. J-jjJ - 

^ jJLjtil «H £-u-uj L^lLl <_a j^aJI aia^Green fluorescent protein 

jl LkjLj>j ^ u' '1 1 .ijj^iaJI j_^j>JLI Cju>u 1 nitl Ijuk (jr-iT 3 (ji>^ 'J*-^' 
2_,L^)M OuJ-^J) LjJ_LfC >Li_3 ^Lju I jL-3 u U«'t L»Jll^. diljj . UjL^i V 

Hepatocyte precursor 2_Jj! 4jju£ Lj>U- (L^>rt*J j' <LuLjaj£ jIj-o aU,,,!^ 
jl>. t _ T J! _ (jSLtiuj juSLll ^ i u^jj ^jl c-<j?cj iJiSLLij jl3 cells 

LgjLLml Jljlj i^-t^cJ j*\ 1 uli «I Jj 1^1 1,1 (jljJLoJI «JliVLv I jtSLflsj . Jj^>- - La 

j_£ j3 t5j"n,i a (jjSLj (j! Islet progenitors 2_ujj!; j^>JI ^Ljj£LlJI jj^>. L?}Li. 

j^fl cL2jjJaJI ojuk ' j flj dJJj\£j . LaLaj I j M I j| j<C , ,,11 # |j ' 
Lg-LSJ itL>-^>Lc. -iljJ p t n -fcj (j^-«-a (jlSLa 2 \j ^ 1 1 4_ucJlj>JI Lj^LiJI ^ j Ti 
j ""' (_£ju>.| (j^Lal ^1 _ 4jjJu>. i^j^ t_!jjC.j_a j-jUC j_a I J-ifcJ - ju>-Ljj LlLus-l 
j| m? U 2 jl Lj^LiJI (j-C ' a b Lj^I— >JI ,j-a ^l^jl (_^JI j-jLaJlJ ^«u 1 LjJJ 

2_;IjIj>JI 2_j^ ji^JI Lj}L>JI ^Ij^ir " < „1 is.\Ji<, (>j 2jjl_2_«_LJ Ja jf S^ljjJ 

.(jj^Vi 2_j£.jjji L>ujij ia^aijj! 2_j£.jjji L>yjij 

. LaLaj SjjL«il,l 

_ cLLal^ILa j-jUC d ri I" V a cLcLla _ jl_3 (jjs^ej I o m t fl itLcLUI pj j n'\ - 

uLc Sjj__SJI I /j t L>L>JI ojuk 2_^ iSu 2 jij'-v- 4 j r j -v Lj» =tj 

. Teratomas (jjjSi 




gllaJI jr V?ll*ft..ilTll (o I vVi.ml (ji (jLoUI t-jllgppjjaj 



_ JjjLsj (jL-u j j » -i j ^yl^-JI ji_Sjj_3j Montini E Cr JLpjj_a ju>-j 
5 j c j -~-tl 3__JL>JI (Ji-lj (j^?>-" 0 c o' LjJLIojLj (j jTl-iJLij 

lilljj Oncogenes 3_l«jjJI cuLLl^JI J_ ; ,Vi <.,. <„"\ ^jdl 3 S m. UI aJLSLJl 

Retroviruses a_^UojVI «juL^jj.^! (jf (^^Lpjj^ ,a_i^jj>JI 3_tli»JI 
Jlf Lko^-jj Lentviruses 2_l^juiJI cuL^jj_uL!I ^ iillj La-Lu 

3_)_£: JL^JI 3_tli»J| ^ (jLLa j .,i II <±j| JL>.V _ J1L£ Lg-aJLit^ul t^rp. _ 

.( YA0 ) ^JLdl o^L? 2JLu>J.I 3^^>J| 
}LiU-3 .jr>L(JI _ 3J_ilil 3_^Li- _ 3_j_cj^»JI 3_lUJI ^Ij^L^I 

b^L>JI ^lj-5jl s. I— <J 1 (jjUjvLJI (j I i j mi "i j a 3jV^j ^ j U 1 1 OJj|j.^Jj j^J-° 

^ jjj^i .sLi m 'i I d j t i^i_i (j! 1l> ^ljjJ,I ^ |»jJJ 3 ^ n. i U 3_j_c j^>JI 

Ijuk (j I IjJljvjj -j «U w a j la j 1 1 (JjLli.VLi i . i j a uaj, I j 3_j_j_ajdl <Lj_cj^I 
o i ,i_) «.IjJ ^Ij-ir" ml f_j£ (jL^ J-><J!j .CjLj-3jJI 3 j i n't ^LojjI (_y.II i^jJj 

cUjLlLi ^jJI Anti-thrombin III (AT-III) V _ o^-«i>iU /\ J^ls^Ai 
f.\ I uaj? (jla-c? iTjLtijJI Ja joj (jjsj 3 j o i uli 3 j i „'i eja 

Lj>Li. 4_JI i.-.l^'i (j^jjJ, Micafungin jr^LaKj-a ^ ^ , ,n oL; U Alt ^| a 
(_)^jjJ,I Ja- i „" (Jj Neutropenia ^ ^>Lt]J ^jJJ 

,( YAV ) _)_,_, 2jj U 'a 3jL^sI 

£>L<JI ^ 3 a!; AJ.I L^I^L 3_L£.j^>JI 3_tiiJI ^UJd^l 3_lUjl^ IjSL^j 

cQla^/l CjUlj.j>.yi (j^o JaJjtJI ^LL>uj i d Uj i .1) C > 1 ujJj SjiiiLA djlor j^^fli 

j' 

» j 1 1 1 3_ajl_aJI j»l-J^I i_3j)_<j/J Ji 1 .1 L_JLs-jl JJlC cLjjLSjJIj 

i_3j_*-j i_3_5_<j/J i cLj_C j._>J I cLj_L>JLl ^jL«JI fjJs (jLa^l (jr-iti'l t_ulj^>- ^1^. 

3_^cjl>JI 3jlVU t;r lujijJI |»laitIL<j/VI 3 jU r Jj«->u «JiiLlalll (jjs j._uSLII 
t^y^Ls i ri u£ (jl Ijij^- tiJjjj (jl l-J J^^j • 3 Laj 1 ujj 3 1^ , ,1 3 jUr ^!>L«JI 

"... 



'a^claJlTi. iItII 



I i j "j . i_al i^i " ^1 ji ^!>Lc i» U , „11 Lo ^jtj j ir^ij t^CLs-LjJl <— »ij 

LU juV i^MjJI 4^ ji^JI 4jL>JI ^ laseri ^ L&Lilj ^1 ol i7n\\ cu\£ 

i_2j.-*jJ1j 1 j * " t_ilj.^Vl Lu-i/l o (j^o ' La j gjj l_Laj_c (jjs i U j " Lg-Cjij V I 

L^eiLa j j" *" 1 S > L$j| ti^oLi. i L^j tLoLiJl SjLalu u Vlj 1_^j_jj>>j (_^l-Il jj-iSLIl 

Ls_Li_a- dill LjJ Lg_u&j 4-i-iIa 3jje_«-a j_aVl j-^lj (Jj |>J-^ I jjU 




t I JoJ» — >. £j — JJ p^j-ui 
VjL>. - j J uaJLl 4_ t l t l > . Lt^aj ua a- - ju>JI 
iij| JL^s.^/1 mi (jrLc Cjj—^ii (jrtJ». I » "'l J 

4_La j» Jl_fl_j_Llj 4 al c jaJI »JI Jj-S £-J o -v- 

(^JjJI (JL>-JJ OJ-J-9^Li-^l u ~" • Lt^aj uta ■■■■ 
jjlj i ^ «i U II ii "II j<s-<-uLj 4jjUI j. mi "i i" (jl 

a_Ls Lij i_u_L) (jl^ N II |Q_luLi ^Jsl jJI 

ii_t£.Llil (j-a ,_^a^._iJL! Lil j<s-ik J » I «i U II 

jaiLc 2_uJJlJI i^jLlII j 4_ul mjVI p j SJb 

ljLuls. ^Ir Llj». jj jj£LlJ I j «LoLU Cjj mi" 'i I 

JLjV sLil (j i II Mjljj .(jin i nLa.Vlj j-cl mi U 
4_uiJLl^JIj 3jjJL£ _ j»i}l*JI (j^n J (j-a (J-»^>ij 

3_JLiJI I j— j-^-I f»J t 1 '"^ 3 3- ^ ! ' 

lio j Ljjij_j».j Jl 4 seJ i n I _ d j r JL^>JI 

(jL^ijVI 2_a^L<-u ^LjJLj iLiS!M.i.lj 

£L_|JL>JI t_ijU>. ( _ ;r 3 qsJb (j-a £..sl.5j .t_t£j£UI Ijuk 



'a^claJI'ft. iItII 



4jjjj_i^3 2^j_*_« ^1 *Lj>.L>. i<JjJL>JIj Jjl JLjJI t— a I mi'^V j «i" i ii j 

! Jjj>-jJ I I j jfe ( _ ;r a ^, n j 'i (jt^*- <*-^ ^ 
(j! LI JjV 2_LcjLjJI 2_lLJJI (^3 iliLt-i^l 2 Lolj^a 2_U3jL«-o <_u i ,i S^jjtij 

. JUJufu j' ' a!l> I (^uS (_£jj>.| 3 jua ctu-sajill jju-l 

<jj> Liaj_C L«-£ j^ill i2_jJjJj>JI <*-r!- c -^-^" *M^' Cr^- J 1 a "*" "' Cr^ 3 
<(jiJL>JI p i n >■ ^^3 2 , ^ , ^ ^- " 1 1 LOLiJI ju-c^v » UaC j ^Ir tLoLlIl 5jJl2J,I L$jjJ 

I»jjjij3_J,Ij ^jjjijjjyi :4uujj->JI cLysjjj^J I ci!^Ll!l «jiiLSjjjJI (j-o l uoi (_^lJI 

(jljj^v £-a 3j_a2j| cLUaj_jj jLsol (j-o *L>. (j^-c>. LbjJ (jjSLj (jl JjV ^jjJi^jSLj^ Ij 

V dili (jl il i2jjjjj 3ja}L>.l 2 K u< a Ljjf 1. 1 w 'i jjk Ijufcj ijjlu-uj^ lSj^ l5>^ 

(j^o (jjnoLiJt j»3^II (jr^J •(jlj-^JI (jr^ <i-!u^>- Cl^K i"iU (jus 4_uC._a_Lll aJJt juuj 

dijSLIl Lj5L». t>u j-j-2j (_^lJI L04-JJI <jus jjJu«JI LbjJ ojSLj i Lu>2j (j^_L>JI j-o^ 
^j^jej —j j* _ I (jin (j^o (_^-II n.~i i j ji^l Lj!>L>. jl «LlLs-IjJI 3_j_j1>JI 

(j^s jljV id-^-j^Ji Lj>l>ji ijjt fjiz. Ji^tJ t^sjj .a_jijijji Sj^ij^ji Lj>l>ji 

cULiJI lUii'g CjJuxj Ijuk (jl juJs^j (jl JjVj JtLta (_gl i(j^_L>JI cLUj pjU->u 

S-j-cju^JI h£jJ>.^\ 

Lj}L>JI {y> l_4Ji>J_UC. j f cSj-uJI J^>^l (»-5 (j-0 4j-C,1jJI d-AiJIj SJJLJI 

.(JjJS^I 4-L£:jL=JI 

(jU"i_l La La- lu fljl jjjjjl j_jiilj J-5-^l (j-o (jr^J iSjL^e_lil «JllljVjJI 

Li^jLa (jLjSLjj^o^l jjjjjJLijSJIj (jjijjjJI jJlj^sI itU_bjJlj £L^3^>L>.^/I p j S II j 

(^ oLj^Li- j>l J-a-"i i .il (jlajJLl (_gj mi j H (j-UjJI Jja j ta — J Y • • ^ j»L«JI uJa i gC I 

i» ^ ■■■ aj o^jJI 4_&J !2_jI;Uu>JI 2_j_c jujJI 2_jL>JI (^ic Jj . ^ ^tl 

iS^Uji^JI 4jX.JL>JI SjijJI (j^o 2_iaLjJI LjjI-%. LLii. (j-U-oJI (^ 6t jJI 2 I ii^lj-aj 

(5^! JlIj < Y* * \ (jiiUmf I ^ jk->JI jljJa Jj^ dLJj(JI J^Lm ^ c^jli? ^1 
2 j « i^ l fo^-Zlj^l (jJI IjJiij i JLsJLI Ijuk ^uS jrtl^vLJI (_uia f j Sjjj : JjVI 

_ (jisIj^oVI (j^o ^!>Lc (^ 2jjc j^JI Lj5L><JI (j-o Sj ui jUj 2j>u3jiil jjLiill 

J I i'itlj (_ii2Jlj j 's i ii II (_p=j o cLu-oLs- _ cL_aj| uJI ,Jj i n riil l-ylj I 4-^ 

.SjJajJlj 4jugj£umX\ djj ua-«JI ,_p3lj_o^/l (jjs Lcufcj-LCj (j jT L < -Li-ijtj OJ 1 " 'J^J 



"iL^U3Ulg'a^Lj^JI (CLLnJlg'a^iclajrft. iItII 



i2_j!jIjJI 2_j^ijLr>JI Lj>L>JI LjI j ^ (JutjJI dJbt-c (jljjj j^s-ti 

JjJlJ i-^it j 11 »1 a U 11 Lx-a o jk< tl Lkjlj_u/1 (j-o JjjJ.1 d_3j_«-aj 

. J ir-ifitl Ijuk jj>J (^3 jaJjLu-u La£ 2 K il.U « Jl^J J>1^J 

IjUk (jlj laJjLS a j -j-Lai»- (^^Ij-al £^J_*J <_lCJL». Lj^L>. (^tIc (J j uaj>J I J J j 
( _ ;r i (j^J-^-LjJI d j r j (j-ujij tC-c J e—JI ^ «l l <l l C-i^e—JI d_aJU>. 

Cjju» jJs ojLa _ ^LUs I 2 (jLS (j! _ u^i^l! J" 211 I juk (jf La-£ <2_c».Vl 

(_ ;r l*-a LaLaJ < 2 1" -kj ^LlILjJ ijLpj~VI 4ja-jj| ij^J ^>-jJ\ £jLi- 

J a r ,j-C Lual ^ ->-l ,j£!j j<sJ d-j| I o £ i2_j_i_^JIj 3_i-ljJI 3-LaL£ (j ill (Jj-3 
Jlj La 3_!a-jjVl Jj^_Li^J 1 (jl (jjjj_5j (jj^ji-T (j? La-£ ,jaJ».jJI (j_a (j;\_L*JL! 
sU^Ij-jJLI L^L><JI 4-u_! ^jU-»oj isLa^alj d-LaL£ »1 i^f I jjjijJj d Ijl^ Lj^Li- 
<j-G-»-LjJI (_gJU (j^-J «LLa-^/l (jl La-£ . d_jjj_! (j .i A il ^LjJs JL*J V 

J C-»-lj>. i 3ja i i-i -»J I CjIjLiJLjJ CjIjL^cj Cj I j_jJLJe_a (j-a Cj«L>. i 

(Sjjjj^I <_ iLi aa-VI 4_tLa-C ^Lsol t_<j^5tll CiVjL^a (j-a (__>iajL2£ Ifel^ 
LjLlj».! (j-G-3-LjJI (j I 1 -i £ i(j-\_L>JI J" 2 1 Li_i_j-aj 1 2 j i ■■ a 1 LaJ-LajeJ J_*J 
(Jj^-iill La_Lu . LjjLSJj d ' *** j >■ 1 1 1 J-^>- 2^£LJtl d_L>.VI (j-a L^-tlc ^jj I . —j 
aj ( _ ;T 3. (j-jL^J d_jJ^_J (jjuijj j j'» i<j-\_L>JI Jj-3 SjL r*7< J l _jlaj\—XJ j^i-VI 

4-JLa-C L^f La£ <0W^ 

jj^-aJI Ijuk ^±Vi JL3j .2_L2>Li.Vl j a j rLa-^>-VI J^Li-Vl j^j (j-aLijj 
<^2i 2_L£:ju>JI L>L>JI _^>j j? <^2s (itJtjJI 2j«jLlaj - 1 A",<V1 , 

I jukj mjV 1 j»JLieJ <l i f>i f> Vi a Lj^.i- (^i! L$jI_Llj>. ^i^ 3 (j'jrH*^' 

. IjlJ? !iL^u lj_af (J-»y-! 
LuLLiJj_lJ 2_i£jj_a^l Sj^dil «JIiLjVjJI LkVjlj Sj-jjL^ «JllLa^SLs. (jl Jl_u 
(^ CliLjtJ^I d 1 ir^ilj-aj uij (Jliljlj-^ <JlijJ i^i I j>J 2 ~U joJLkJI JjJ (j>i 

(jSDj 4.titi>Jl a_^ju>ji Lj>uji 

Lj>L=»J1 j^lc Jj.^i -»J1 jj^j O^Jl (>° 2-2-al>o ji.Jj (j! 

. I o/j m i-v (j-a d_^lJL>JI 

2l"ll 2_l>-I (j-a I fljlr J ir-i Jl^ 2_Uj_l>JI 2_^cjL>JI Lj^LiJI (j^Si (jl _Y 

. «j j U 11 ,_Uv>JI ,j^a Ci i njlj ^^LLLaj^sVI 




'a^claJI'ft. iItII 



Cj i njtj 4___u_3 4_l>.| ,j-a <__*!_>. JL3 4jtlujJI 4_A£.j_>JI Lj^LiJI (joSo (jl _V 
.liilj _5__U I. r UlSJI __J*J (j>aj_j 4j_>-VL (j^jlj-ull (jo_o V! _- 

__-3 _aJjJ <-u-Uj O^-j a-l _ru >-j "i drv f^j^' o 1 ^ 

5 j c j -»-tl cLtLJJI JL-Jt.a ___S i_jl___J_M ,j-a JL_>JI jl £__a _>__ <__l_aj_L>JI 
2_j_c j -»J I 2 jJL=»J I __-3 6je_jU (j l_L*J I j 1 J (j I -V-Jj-J jj.Jj._3 . 2._j_jJ_>J I 

l^-A Jl_l___> L__a___J ^-_>- 1 (3_J>-^J 1 «L-jJljJ-^J I 

LJI oh 

ji__>JI £-3jJ (j! J-J>J _9_>--" J-^ljJlj .2_ 4 j_v_3 3 j iji-w 2_j__j_>. 

2_L>.f (j_a 3 j r j-v L)Ls. jljjj V l 2_jJ_ti ? JI 2_j___v_ ? J| 2_A_»JI __.L__jf (j__ 

(j_a i 3 L_T J-V-3 ^a^J jJ i I (j J 3 i___*_AI ^J_Ja.«j JLJjJ La J-^-^J 2Ja_____a 

2_jt j j U'g 2_L__>lj_a _,_a ^JiC-aJ _-_-! 2__L__ > _i| 2_j_c_v_>J| Lj^J._>JI 

Cr 3 (jjJ_->----a i_Jlj--aVl (j-a 4 < t ub j.J__i_a l-JU-l-J i__1___j_M eJJt 

I o £ _ (j-A__>JI _j_J_ (j-- JjjLiJLjj jljjl_»JLj ___i_ __3j__u j»Lj^M (jl 2.jL_j_JI 
U_. 

Lgjl A 1^1 J-J-ijJ 2._aj_l--JI 4-lC. j_>JI Lj^._»JI JaaU-- _)_* jj__S ^ jj u— utJ (jl 
i__l__tJ_M -i_l__j -_lJ_ I JL____a ,j-a (Ji-i-J _J,jJI j_a_M i^-Lj-M JJJ-a £~a 

■ 4_Ll2_-J Lj __J l i ii aV I ^&__J_ t-JJJ 

___s *LxJL»JI 2._u_j Jj_- j__v___II jaJL»JI _)£ ___s J_v_»Jlj ___A1II j_»_l__Ij 

2_ja_i_l ___3 _^l__»JI (J--3 d ^ i C __JI (jj^IaLj J.-J-C p j" I -- j I l^_a 

l___-J l_U_t_jJI (j-a I a jJl_u i2_xuj-->- L^j I jL_i___i.VI 

J__ a JjJ aj_C_- I j__> j.I__-_> I !_5j._i-Vl L>l_jJI _____ £_jjj.__=_J 

Jj_____>JI _)l SLal j. Sj ^.j^-iij j._jj_<u __JJ i2._uU_vJj.jJ I 3_V_t_i_ > l 2 K \ n 1, 1 

i_____iJI __3JL_jj <*__>. V I ^-l_V V " i n Lj <_n___>- l—AJ -i-a -uJ (_>___;__>. jj ^ Lc 

:2_p^| _p_lji.SU 
.j____ll ^M-C (_-- 2-a___ll,l CuLtjVl -JLalj^a _ 
. I_L>. Sj__jJ,I c(__-Ij_o ___! L_aj ____. i___j__>JI __^L__t| 4jL_«ju 4_)j_(J,| S_Ljj _ 

,cU___»J| <__L_ij uu\\ <_j_i__Li 2__j_J,| S_Ljj _ 
,j__jj,l _ ) _5_^_>._ , l L-oj uaj- i^p-L^v. 1 ! <_jL__Li 2_3j__1,| S_Ljj _ 
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uJjiJ ^LULij t a j j U 1 ,_p3lj^o^l 4-^3 u( t—l Laj I < a («^Iju (jr& ^-^J-ll - 

.(J^j>JI j_U 4_JLjl3 ju£i CjLllSj ju_alaj _ 
^^uS d n i a C)l j ♦ i i^i jl Sj—^Uo *J1)1_Lljv .}^au>.j lJluiSLJI j - 

.jojvjJI cQ£.ljj 4ui-4£. (Jj^ t>_L>JI 
,jjij_ij^£LJI 4_U3jL*-a ^jrt-iij^-a^M ^jiJtlaljJLI ya k < a j_xicl C^SjJI I JUk i _ ;r 3 
i2_tijij>JI 3_j-£:jL>JI 3^L= ,, -'I Lr* '*'''*' .'^ ^L-ol>i ^jJLa djl_ulj_i_a jLa-ucI 
4._i_a (»JL-2j (^jJI ya^Jtl JL^il Ijuk SjLJt_UI «JuLVaJI i ftj -V * I }J_aLc: 
IjJ«LuiJJ iSjljLS C^juC (j I JL*J <Ll3 SjLjJLa Sjl^eJlil CjLjVjJI OjLjj ija-ikj-LC. 

SjLstUI 4£JUIL3 .juajJI Ijuk f.\ js*. jajjsjdj ^ic jijjij jus (^jJI SjJjLUI 
2_|_^ j_u>JI 2_Aiti! («JLjiJI ^ al_u Jjf ot_uJl Y • • £ ^.L_«JI jjL_ a ^ 

2-iliJI '-jIjLui* S^utC IjJLijf (jj-i^Lj^aVl lilj .5 jJujjJI 

ujju»-! Jjj La? ^j_iLp ojLaj! jl3 3jL*Ljil 4£LiaJLI (jLa i2_L^jLj>JI 

L^JLu ijVjJ jLJLa 5ul a 1 ,1 a (jVI yjj. t'tti A '1 1 J_S_3 i4_uj-L>JI Ljjj£^ 
!cjljVjJlll ,j-a CjLjj_jJL^_j 5j ui c 0-2 fljl 4_ajl_SJI w -1 ta » II S^_SJI (jrt-uaJI 
2_l^: j_j>JI 2-jiiJI ^uS C.-Tl-JI 2JL^>I j_a ^^I JjjJI o juk ya-Uajl j 

ijjjlj jJI i^jrtJi-La.jVI 1 Uj m]| iLjJIj_j uil . 1 j I ^ aj < v d ; ^Li_L>JI 

Sj j-3 I t i r (j Lij_iJ I 1 1 JLilia 1 Ij 1 1 1 JLu^_& 1 ISLjjaJj 1 (j L LJ I 1 (_£ l_j -C. j j I 

3I— ^jflj J " » II 4j_LaljJL (jVI I (j t_j£ cr^^ (_J_3-aJI (j-a Lkj j rj 

1CJS3.II Ct^- (^u3 (jju>Jlj 4j^ua- 1 nll Ljj . Sjj>-I 1 nJI 3 j l-»J| tiilj tiL<ja_jJI 



0 r ,Jj n_gju^/l (^jjSLa Ij-iflJ jl 3juxit,l (JIiIjVjJI »1 air ir.*\ 1 uj («J 
(j m U 1 11 f I W *L>. (_yuus- l( jjjjJLj^SL!l ^_a i,->tlj JJlj>JI Ijuik (j-o («J^J-II 

(j^M—cjj Kevin Eggan LjI t_r| ^ j <jj-_l_?jJI (j-^b Y ' "° fl— *JI 

d_uc j^>JI 2_iiiJI J <j » a ^ j^CLa L ^x-> (JJJU3J DoUglaS MeltOn o>li!-a 
S_lL>JI (jjJ-C Jj; ik-i ->JI (j_a IjjSLaj j<upl Ij ilr I i2_iSLjj_^aVI Jijl_3jLk S-K^aLaj 
(^Jl 2^vL>JI (jjj (j_a ! l jrU^JI Jui (jJI 2u».L>JI jjjj jj^a d-jIji^JI j^>JI 
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2_lL>JI JfLa iLaLaJ SjjLc 5j J i .i 2_lL>J «LuljaJI SjQ,l <Lx-aj_i IjjLcl (ft^jlj 

4_<_cjL^. Fusion Ij^of <jL liJJj ^ l_aJSL^ j^aj .2JLJLJI 2jJlL>JI 

cLiJLi 4jjJLv <LlL>. £-a _ jJiuJI ,Jj_3 ,j-a JjtAILi LgjcSLJlLaj - 4xjJl3 d_ u . i l > . 

-J_-<-?- 3 o ml U U oLlu«j_i]| dli__»_l £$j (^Jl U-a (YY J< __|) 

■_*___>! C_la_"_j I -r aj-i i_iJi_i__.L_ i4JL!LjJI 2jji_>_l 4_l_»_I 

.( 0V ) I (j i , iri 'l 2_i ; ii__>_l 2_lX.j_»_l 2_l_»JI ^j-d^ai. _ Ljj>2j 





ajJLJI 4jlLL>JI bM>JI d-jJu^JI iu^.a*JI bM>Jt gbagjt g^bfrj (TT) JSL-Jt 

.3 >^>-VI 2l>_4 SjLcV 



luij I _ajj L$j| La— > tdjaUll 3jL_/ 3L>.l_La (j^a L^J Lj 

J—— d -r -fcj jJL>JLI IjUk i.St j II (j'— ^=J— —U jjj i^i (__9 £_>.lj_l (j_a Lcoj 
4_uljjJI 3_LU (jl _4_3 'OJ i K-i V "i 1, 1 j Qc__~LJI £_i_jal La— sj . ^^j-V—L^J 1 
j_>JI J^l{<, d^-ljj S_La <__!! i__=_a j-i ,___]! 3JLILJI d-;.. j_>JI 

2_lL>JLi ^UJI LjjJI pjj SjL_a-U Sj._iil <-,tVqL>. l 2_ ! _Li^JI 

L___3 _U_ _)__! i2_a_aj_JI 3_Lcl ^ 2 j /m"Uj 3j____U 2_jJjij>JI 2_l_ j_>JI 
_y_jj_*a (J^ jj^a d j r Lj}__>. Irk (__!! -ia-— J 1 lj jU-v. 1 J ;t-i 

<— vl_>_l (j^aj i2x.L_,l (J^l m i a (j^a i_3a_>_l ,jjs cU _v_L>. 

(_}_>aj_U,l j_i_>_l <j_l i_uJ_»JI tjj 'C i 1 , , Liil La^ .0j_usj3 joj (jj-^*- 
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Cj-oIj La id_ijjjJlj tUa^La^! I j"'^JJ ta-je-a i. . j i uj Lj^al Jtir" i ul Lj>l«-a 
Laa^VLi. Li (j-ul t m a Lj-j-a (j-"jJ dJijjJaj <Jl!*L>. 4-L-i-i-L>Jl tU-C.ju>JI 4_lL>JI 

SjUJL>JI Sj,*C j U 4_^Lu_>JI 2_i£.jL>JI Lj5^-><JI ajjt j! »1 aUtl J^>-JJ . Lio» 
Lj^L=ti! Sj_j_«J,lj 2 ir^LjJl ."»1 a , 1 1 J^jo iSJLILi SjjJLv 2_lL>. (j-a 

L,}U- (jrU (j-a JjJs (j-a L*l_ijLj>.! (jlJI t I (j m-flj Sj£LJ,l 4_ii_uj>JI 2_i_c.jL_=JI 
IJlSj < j^j-Lll JjbLjsj J< uJI ^ I g]j a 0< j'^ .d-ujiU 2_lLs-!jJI 2_jal>JI 2_tSL!l 
L»£ tcbj mm 11 4_iLu_>Jl <Li£.jL.>Jl L^Litl! Sj_ujJ,lj 2 o (j 1, 1 <JLllj_uji,l ,j-a JlJJjlII 

(jJI _ (tt^i,! jjfcj _ JjUjs j! (jic. Pluripotency Sj-al^ll Sjj^HI LgjjJ L$jf 
<-ru t 2 j U 11 dj^LjJl i*jVL>J1 Ltjj <^ a ^1 4 V ".1,1 LOUJ1 

.(Jli^^ill <Lyjjjj^>Jl 4_tJLi_L>Jl 

3_j_cl jl^>JI Lj>L>J1 q\ 2_flj J£_> (jjjL^Jj jjLajLi (j-i^W Jj>-^- <j jJI j-a^l 

d-uljjJl S^UI 3-^ajJ S^Lcl ^lc 21al£Jl SjJ^lll LftJjJ u. Jl 2_u_j_^J! 

. L»-a La^vLajI (j^v dllia 2JLILJI cbj i n-*Jl LOL>JLl 2-i^sL>Jl 

.Scjijj ^1 uajj L^lijL>.j ajLlLJI SjJlLjJI L}Lk]J t^jJLjv ^1 dj^SJl La ,jSLI 

a^iu^Ji aju. jii 

(_Lj_»j CjLLljJLs i4_jJL>JI Sljj (_L>.lj ( _ ;r a ' " 'l j » j ua II Cjl j » j uaJLl 

j_l£L!I Lj^Li- (_L«-^- i^j-Jl I a a .3_ajJI ^ 2jLc. 2_ul£Laj 2_tlaj 

4_jJL>JI _ I \K t iSjLj>.|j 4_jjIjj SjLa (_gj_30 I < j a -w L^jl (j_a ja^.jj| 
CjI_Llj>. i_£a-<-u d_uljjj| L^jjLa ,_Li-lj J-*-*i ^ - 

i_ijLtijJI ihA a- CjI m -w j_a JLj£LS" Lij_i_aJ (j^JI ^^Lh?^' cr*J ' ^ 

4j j i < a_tli. i uaj j-jju^j ^aintenance genes 2_JLiJI ^ ^j^-Vl 

a a- I (j j 3 1*1 a mlLa-J - d m A i cJsjJI ^2 - La-Lu . LaLa-i 4_jua -»■" a 
? f >liLa a_ 
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<_Ll3 (jjs I (f( o (} a dol JLSJ i Lj-lII 3 i f> i n sej 1 1 «LtlseJJ 2^»-L*. V t-? jil CjLLijsJI 
La J-J^i- LkjJJU Cj-al-3j <4^>-J J-aSl (jr-^- - C^jLS (ju- - 

( _ 7 lll i LgJ 4_«jljuM L^j L»i j l_La j 4-S_i_jJI jj^. Ijk-jJj O-a-ua ( _ ;r 3 < ~ « J-Se m ll 
jjk ,Jj>. jj-V'g (j j| 1 1 JU I Ljj ^ j-Zj (j I LjJ V 3j_u£ * I j mi I Ljia i_J Laj 

jjjjj mJJlJI iJ-LJ— J, I *mJ3^*-J liJI i h aVI j| Cj l_Lu Jj_jJ I jjjlaIs Ci^d (j"n ■» Tl 

4_tL>JI ( _ ;r a ol Lu»- j»j-Sj (jLi tiJJj limjejj i juVI ^Jl (jjijJtla Lgi-ax 

CjLLujj jJLi 4jjI UU j j_c. CjI i j -»JI (j ii o U J-a «JLi I g ui aj 

£>c LjUj ojLc. jla oj^ 2 1 .(£>_>. t 3>^i Methylation ajL-ilLj 

(jl ^1 idiLclj iML) jaJ>.jj.J,lj iil>l JLc*-VL » j I «i 1, 1 d jl -sJ| 1 1, a 4 i mi ^» 

( _ ;r ikj (Ji9-^ (j-^j I (j jl f J— a (_^J-JI A -«Jl CjLLljJI 4 j ii j ( _ ;r 3 3l j -»JI 

J-aJU Ijuk CjJL_=eJJ i(j-aj_II (Jj(-3 (j_C 3jLj_*J j._<-uJL£ ISU I t _ ;r 3 4_<-u j}_<-u Jl_a 

3_AJ»JL3 ,2_|_^jL^>. 2_Ll;_ij>. 2_tii»J 2_ul jjJI S^UI ^ 3_ul j^JI LgjjLa 

La iOj-lJcj iLs-jLla 1 1 iia r i LaLc Luljj LjcaLjj i-LU T l<u *t_LC.ju>JI <_lLlL>JI 
.( j^a-uaJcll l £-al jJJ J-al j-C J£ J-a-seJ JljLa J-SjJ jf i^j^^-i J£ J-a^eJ Jlj 
sLiJLi. ^ jj-Ll>. (Ji- JU J^-^ ' ^S-^J-^H*^ ^-"-L>^ I £ *-^C- JU>J I <LtL>J I /^Jt Lji 

(J-a^M I j j a iJljjl». ,j-a SLir»JI I j j a ifLit-pj 1 ^ . r, 'a (2_i.IL 4jjlL>- 

L^Sjj-3 sLaSl^jJLI *La-i_l--JI Cj LLu I JS <l ■ ..j 1 1-> 1 1 L^LLc». (j-* (Ji>^J 

<_<-u jj-<-u Jl_a C^jLS (_^jJI oLLlj>JI j j U", 'a ( Lg-La «jjtS L^J ^ J j.j^/LS 

^j-aj JLLa L^JjuLs ^H-II ^J^ 1 ^^ ^ o i n i JL)JL>. ^j-a A i""^ (_Ll^ (I>^ jj_a_La_a 

(jl «iLal i ii n g_j_L^jJLIj . jijjl^». " t ( __ > i_iij_a j»Lj 

diljLiiilj ^ i ii i II (_LaljjiS iiiJJjlJ Lj-Lc j. t ljjijJI ^_i^> (jl i4-U-i-L>JI 4_u i-La-l£L! I 
3.5j-^.j.a oJlj La i«U^>L>. i t-i i n j djLj^aj 1^1 V"t l CIjLl^vJ 
l 2jJLJI 4jjJL>JI 2^1^" £-a Ig-vljJLal JUjl3 IjJ .3j iji-^JI 2_i£:ju>JI 

£^a isLiJLJI 4jJL>JI f>^juL>. (J-4-«J 4_ujij>JI <LiJL>JI CjLjLa_iS (jLs 

jOJ (j-aj i4_j_u^j JLjjijj oLLljsJI (J^jcj (_gjuM (jjj-ii La ^JjSJ I (j-Gjj-jJI J^Li 
<_c.jj_aj_a jl <JLaLc j j r oLLljJ <l o i h I U U Cj LLlj Jj-jJ I J*^ mi ( _ ;r 3 j. j i" 

Cjv>- '6^3 f^jf j^JI (l^-^l ^LU-^- I UILj Imprinted genes 




6^3 Ub? U Ig'k-ui-j^J I (puJil \$"tuLcLa} l\i I ^ 1 1 



J-La Lg-iJI 33-" Cr^ C"*"^ ^-^^rH?" pjuilll <_Lalj-C- JLJtjj^ i3jUJLC 4_i_Li_l>. 

I j j 'o 2JL<jijJI (jj j| < i .i L«jI jijt i n <L"-a 2JL<jjj ^j.Jcjj i^gLla^JI 

lS^ Cr'l Jj-stjJI SjJLiilj ^Jlj £jJU (jjjj 5Jj) aJaJI 3.SJ-C: 

jj^a «Gj-^i.1 £-a (jjl — *_lILjj i4 — jl». (JJLLt jl !* ( _ ;r iu 

(^IJI 2_l1>JL3 (jjj . L&jup (^iJI 2_JL>JI (j i n o? L«_a U~ > ^j^s-Vl 

j-aLjjj Lgjjll ijaj_iJI LaLu 4 jiji - ^- Ojc j u» 1 (Jjla^/Li 4_*JLi 4jJlL>- i"1cjL£ 
(jLa I a£L&J 1 4 i a i a V " a Lj^L». (j^ <LLa -llj-J La (_L£ ^ U< j t j_ikL>.j (J-aL^ 

I ij'jlj ^' |j" >JLl ii<j>.LjJI Lgj| . Lij_l^Lj>- j-jLS Li-L^La 

L^Li-j ^jl—ij (j_a sLjjJU^j I a i ^1 (j " -*-lj J-^>- <LLal_*JI j_£lj_U 

(jPJI 3jLiVI 3jjJLa VI t _ ;r ik La L$K sLiJLajiJIj .4 i a i a V" a 

4_l>.jJ*JI jaJ (j-aj ij— L -L- C iJI (j J ij»L»JI (j i a se " 1 1 4j mSLc <_iJLa_»j 

j-Sj-L I ( _ ;r I : i-L>J I i-;r a LuJ I j-JJ Lj_3 I j£Lik j . j» L*J I c_iJLa (j-a U>J I 
i4_jJL». £_t^LJuJI (*J) m -^Jl LjLij (jjij_<jijl_a 4_j| (JJiilj i Jj^>-J_a 



II Sm^I Uaif CU-I UU« «jJI 

Fusion experiments aaJU 

^Lxj>o (_^ill CjI j-S «Jl (_>a*j tiJLuk (j I jl idlal m-jj| tfJ-^-J j— o^l (j^ 1 ^ 

SJLlLl J-aJ (j-a S^oLiJI 2_u_ujJI 2_j^.jLjJI 2_jl>JI (j! I 3 ' " 'J>Lt>- (jrlj 

L^jV lilli i2 j <j j U j_i r Lj^Ls. (^jJk i3-u-lL>. JL». 2-;iL>. j^o (5llLa 4jjJL>.) 

ijr &£ ! I j » i i »3 M L^j itjOJiJI LlK <_ 1 1 j < j 1 r-i cLcjjjjcjs (_gjJL»o 

2_lL>JI ^ 0 < j j U II Ja_«J.I ^ic S^Ljj <— 1 1 j i i 1^ 5_c j -a-je_a i^jJIjo 

^ S-Sjj-U (>c i.St M ^Jt, LiiiL_lj ^\ (jJjVl 3 K 1*11 ILfl dJJjJ .Sjl^vI^JI 

l3j_ttJtil d— l JL dj JI d J r 1 Lj5L>JI (<Jlll J < J Ir^l) j»J_LLJ>. (j^S L^J (jr-llV "l') 

tlaj-^uj i4Jl^aj_i <Jl!ji_^.l (_gjJI itLiJLjJI 4j J 1 n-»Jl cLiliJI ^jj^ ^ 3 j" 1 n') j 




£j\JJ d-jiLtC Ja^J (j! J^3 _ 2_«jJl.aJ! d-j-ui^JI 2_<-£:ju>JI ^ J Li* C^J 

IjUlA. i4_«JLi 4j jjt-uaj 

! jjj-j jJI ^LscIILi jolj ^ ,jjuj jJIj i. 8- . 1 U 

(_gj_£uj (j-Lo- (j-o ,J^3 (j-o <Jls<;L». 4_ i l. i l > . £U_.j_w <LlL>. I^Jl__I_uI _U_ £-a ja^jLfl 

JJjtAILi Jla jlsj ij<uL«J! ^!>L«J ^^LlI-jl-VI — ^ j n 1" 1 1 u_l A or ^j__l_ul 

4_l_j_». 4j__j_». Lj>Li. Ij^Jl____jI j&^jLi _J i>° f^J-' 

4-i_.jL>. I j^J____iI J_S SjLgJJI (ft^jL- ijJij>JI Jjjs ja^JjJ 2_4jJl3 
Lo (j^j^Lj Q i ul i .i o ^ <j" *»» (j'j * (_J-«— Lj db-3 4_l>.| (j^o 4jj_<IuJ d_ u . i l > . 

. 4_i_slj 4j3_>. cTjJIj 

<>jL_ 4_l_. La__v V lj d j <i U tl (jjJL>-LjJI J • oli ■ Ji^S Laj-^-Cj 

«-jLvj-Ij i2JL!LjJI 4j j i .i -»J1 ^liJI 2j»_aj.j SjLcLi 2 ir^LjJl SjjJl^JI 42jj.JaJI 



4$n1n«! ^ma*£ jhIUi 

sLiJLJI i n-»JI 4jL>JI (Jj^><j ( _ ;T ia_jJI sLSj^Sj (j^^Li^ SjJLia i"ijiit 

, j^-lSL; mi ^ J^lJlIl aJil jj j.* Yuri Verlinsky ^ i„;l > _ ! -3 ^jjj 
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sLjJLi. 3ljj £-a Lg_t_a.5 J^Li. (j-a liJJjj i2_jJlL>JI LOL>JI _CLa isLilLi <Lj J i u -w 
4jJ m ->J I 2_iL>JI Luljj 4 j mi "i Lj^Li. (j lr J . —'a ,mJj_>-I 5_ii.i-L>. 5->-C j 
2Lj_c Jl>J| <Ll_>_I (j ojI ■ a a- j OLa-uo (_)-«_■_ <_ilj e_3.jJI (__3 Lj.— - i5jjJL><JI 
5jj mi j Cj\ ■ *ajj J (__ll <_».1_>JI (jj.5 (j-a _Uj _Tj_v. • \ 3 '" " ' £ ^!— >^l <_i-Li-c>JI 
I j j I j ^ 'j £y* JL__l— I i ^ . J i ii ■>_! b^J_>. y I i .i i" i ii I (jjJ (j-a jl 

"» ■ -i'» Y • • o ^L_l LJI (>a Allan Trounson <j__ijl j_ (jVT j>->-J1 

4 j r ju>. L^J_>. £-a sLiJLi <Lj J i .i a- j—3 Lj^1_» ~ -«-5 O-* <j^— >' (jJLc-S (j'— >- 
C__*-j Lj-— - 4-iJLjJI 4_uL>_l '"'l a__ ,_La_>_ Lj^Li. _Uj) ,j-a J—i— 'j'—- 4-i-Li-l>. 

<Pluripotent _jIjju_II Sjisj a_L__Li. '<_Jj.VI a.u.u_»-l L$jLl____ <_JJ 
juj i3j_Lil 2_lLi1>JI 2_i_.j_>JI L^_j_L! 3 j A jt\$il _>— -I .^AJI LgjjJ c^jL mjI 

L*l!j) j T t (Jicj -^L»^ LkJUu j^i-T (3 J ^tje-u lillj (j-<-ajljj (jVT J i?if 

4jL 4jJ t h -»JI 3_iL>JI j»jjj^>- tj-laj jJI 2-j*_aj_i]| SjjLcl j! j_ljl_l!I 

SjjLcV 5-ajj- * i ii U 3_lIj-l3JI 3_i_c:ju>JI 2_lL>JI Ji-L «La * Cr AJ» S^jtjJLj 
J*C 'i II (j-a j—uujj i<L»JLjJI sUJLiJI Sljj jjjj (j I < "J jJlj i*L*_aj_jJI 

La^a _ (_Ll3 ,j-a L>£j La£ _ LjjJI ^Uvjaj i_g jJI ( _ ;r j-ijLaj)j£LII (jAJjj-JJ (j Ajt^jJI 

i_tjkja .4_u-uL-u*yi 4_uljjJI I ij" > ijij - ' (j-uL^J.1 (jjJ (j-a ^j^l ^.lLJjsJI Lijljlsl 
'l jf JU>JI 4_iL>JI ^jM^J "j mi Jj^>-j_a ^ mi 1 1 Ijuk (jl ^1 ( _ ;T £L^ijJj_i_3 

Jj^>-j_a La I 1 j mi (jl ^1 i. m i ii II Ij^. (jjlj " i .i*yi (j^ojjl^J (jl JL_U i4_lLlL>JI 

j<W1.^j I i^jM-lj "j mi tl (jjijjj d _ini->«JI d_j_CJU>JI d jl -»JI 3l jj 

(j£. d jiji -»JI ^ j C j >J| 4_jJL><JI 3ljj ,_Lua_3 (jl_! liUj ijj-plj mllj J a 

JLj_»j (^pJI (jJfc L^jl JU>.j^ i4_S_iL<jiJI sLjjLjo I jlr mJj-^-Ij ^j^i-ij'j mil 
mi II IjUk (jlj i^jM-ij" j mi II sLiJLJI i ii ->JI <LjL>JI ij-v. sL^ajj 

Nucloplasminjj^j^jJSj-^l ^ o . nj _ Ijuju^o _ ^Jt SljJJI ^ J>^-jJ.I 
2Jj_j_3J,| SjJaiJI ^1 i_jj_S*yi j_a> ^_yu±ij\j2 j j m a3 (jl j^SIjJIj .(288,53) 

d o tV* i a CjIj_jJL1J <Jc_Llj mJj^so £Ua_aj_jJI 3j)Lcl jl L_«_lLll (jl £^a Laj o r 
2_jJL>JI Sljj) SljiJI (jru Cj^LcLcj LgjJUso i _ ;r I : L^>JI j- i _L A . l l I (__3 2_^L»__a 
4-i-ajM^j" J Mitl <LSj_jJIj (<_!c_aj_jj| SjLcl (__3 5_aJ_a-" mi 1,1 4jjj__»JI 4 T L_.ju>JI 
Ijuk £ya jujkVlj . mi ->JI 4_l__L! cLLaj^i-ij"M mi 1 1 <J LuJI L_k _Hkj) Sj_iJl_(,I 
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Hiroshi TamadahLaL «I j^LP <i^ej I -i c > J-^-j -y j < - A " <jf 

sLilL*^ L_j| ^jLllIl (j-aj . ' sL*_ajjJI SjLcl 4_JLaX 

Cr^ tl^'jjj 'j*"' se xll Cjj 1 1 (1)^1 ^ i»L3 U. I j j m' 

(jL£ i_g jJI 5 ''-^-jjtl j»jMjjJLi^u (jl lit^p- 'cr^J- 3 *L*-»jII ^LIjV IjilTC , ..I 

^jM^'j i uli (j! i. m i uli oj^i i^La^ajjJI S.sLc.1 5-ila-tJ tiJj^>J,lj jJ^LUI 

(_£a^><j Lu Lj>-jJa_LjJI L^jI La^a-C i*Lc.j_a_a sLUajaJ ,j_a (jl£ i _ ;r lJjJ 2JL>. 

J£ «-jI^jjI >f*^l 2-*K LajL I a£Likj i niVi SLpJI jJ<J J-iLu jLiJI 

4j a ( _- r j!ii (J£ (j I J-i-J-A 2_i^>L>- 3 A i ii^LaJI I ^ jlr (jlc ( _ ;T lJI 3 aKII liilj 
(jLoiiej ^jM^j" j i 'i 1 1 Aj-jj j_iJLiII jjk Lkj ^\ i>i"tl jjk Lkj ±\ t's>~ 

VI jjk La i J-aVl 3 ^ n^jJI 4jI j Cr ltJ>JI j_j_u«JLll JjlS 1( J< AU VL>a 

,_jiijj_a (jjs dJLlL SjjJL. <LlL>. ^LTLo JLa. Li (jl idLLjijj i(jVI U" i n") C*j| 

(j-o jl 2_i!l ajij o r ( _ ;r 3 (j j i r-> r (_p3j_4J <— il ir*i a ,_jisjj_^o (j-o jl j *\ i uli 

j^aJjJLI cL_j_L>. ^ajG ^cJ t(_pa1j. a^M (j_a Lfc^_j_C jl (_pjl CjJI (J I i"i II (_)-iaJj> a 

4_uiJl>. L^L>. ' laS» (j-a *J1)^L>. (j^j Jl9 t A- t -L i i jv «IjX.JL>. d jl^. 3l^_i £_a «LaLlLJI 
4jJlL>JI ,_jiiJjJll 'LjL^- ^Jj ~» (—ILlILij i La (j-^-L*- (j-a <l_4Jjl^ 4_L-i-i-L>. 

,_Lv^j (^1 2_LILJI 
^jijJI oLoVI ^ ij.jijJ,l ^ Saj^-sJI 2_j4j-L=-JI S-lcJljJI 2-jijJI U~. , „~ 

(j^Jj i ni^l jj-a3 d j t iiLj£Lu L^Li. ^Jl jJjjc-jj (jl ioJiJjj (_gjJI (j u<3 ua ie " 1 1 

(_gl ^l jl 1 5_uj j L^Li~ jl t^gj.'C 1 1, II (iljJI (j^j.^ ^5L«J ^LiLo 
(jislj^ol j l (_pLcj.il J I i~itl j l (jj ' " 'j*\jL (_pijj_^o ^^L«J jJLI L^>L>. (jjs j-i-T 

(jl_£ ^pJI (jialj^oVl ,jji Lkj_j_c. j! ^jJSLIl J mi ri tlj £Lual\ ^M-C j! ii. , liitl 

Taylor R. A cul j^Lu (jSU^ >LWa . >Lp-". , n a (j_jSL jlSL lj_a! L>>->Li 

LM k Jlj 3-J - ^ii LM ^ J-y (j-a (jj ^jjIjJ (j^l 

Prostate LLl^jj-JI S JtX. ^ J i ii t (jJI Mesenchymal cells - JLc-jSljj-ys 
,( YV ) ^ij^- 4jiicj Lj^oj aju tiilij tissues 



<4-b.Vl JjJs a_u^i 2_iIj_l=ji a_j-£: jl^ji 2_j_l>ji jjc jpl>ji j_^>jl£ 

L y^ijX\ l_jjLj>.l ij^>- i2_c.LUI 2 K u< a L0L4J Lj-j-L><j aJs ojSLj Liia-jl Li-iSLI 

(_Ll3 (j-aj Ij-* (j-a j<ufclj _ p i m-v. (Ji-I-J ^_ Jr JI - 4 U i m" a ^Ijls. <— !JJ 

.Fusion experiments Sj_«iil j-Lajj^l sjjUo 

l^ys j U J^C- -5Ji£. LSi-^ :>, -' 4_l>.^I (j-a JlJJjlII tiJLuk (jl »1 aJUJI J^>-J 
JljU i*j o C ^j_a La cLL>.j-_a ^-4-1 1 d (.J^j^ LaJo* ^Hjlj iCil j* . . ^ tl 
«dJLjIjj^a)) iJI (j-a I La-J > I g-Lj»! J (_£a_>u 2_l>-^I (j_a I cl^jf liJLufc (jl 

i"\ jjkj ol j « j (j-a w «j AaJI (_LaLdl jjuiJI i^j-iej L^_La 0 >n i iMosaic 

<j j U jj-C jl d a jl 1 11 j^-C h^L>- iSj^j* j-" jJlj hjLiju^I ( _ r 3 I J i j 10 

^ (jr JLj^jJ! JJjlII 2 aji 1 „j 2±aL^ Lj>L>JI Jo^-J «:Lal«JI J i" ml (jj^LuaJI JJ-nJI 
^ j c J > Li^Lj>. I j * rt ^Jj ■ ^> >, 1 1 cL_j_i_i l_^a-a_ij Lt^aJ^ ♦ 3 tCj^ o 1 1 jJjI ^j^>* 

^ Zuker & Landry ^jjjVj >^ji obj-^^' ^ 1 1 t ~' ul L* '-^J '^HJ^* 

LjJjJj Lti^li-f LjjJij lilj .( Y ^^ 2jSLjj_aVl Sjjeiil irjLVjJLl Lu-ajJo^ 2j>_aL>- 
(_)-«-><J V Lg-il - (j r-i 1 k-i V "1 a jj-C j-laj d ^ -v j (j-a _ ^1 ii" r I 4_2jjJaJI ojbi ^1 
j V j < J}Li.V! j e^l j^Vl j 2j,jl a uJI (jlj^SU j! (jL^yi 3_ai^>J i^L^L^iil 
2JLlx j! i^Jall I ^ 2jj-U 2_cvl (jjSij 2_^cjLjJI Lj>L>JI L$ia Siaj-Lll S_L>- Vl 

(^yJLc Jj (j^^s-LJI Qrt* } (jl ^1 • a U ' " d jl af Ci 1 uji L^J I "m uu a JljLa j»l JjtAILi 

2^_iil Lj>L>JLi 2_^L>. <j^L«_u/lj <_3jjlIJI ^Jl Ji)-^! ^ p&^-i 



Cell Biopsy Of Still -3I_lj>JI JL-j-3 2LL».t {yt *Uj-l>- 2 "s m a^-Y 

: living embryos 

.«U i_3>LI jf jlj ual 4j! i>-L>JI £y> L}LjJI ojufc Jlj>.! ilij^ej V! lUj uu 

L$J Ljjj-Sj JJ-JJ V 1_l£j_cj Ll^^VLs-I L$ji LaJi <(J-lJl>JI ^Ir ojj^a. I j j 'a 
t_ll a ( _^ajj_^a ^!>Lc ( _ ;r 3 Lj al ' "- "' ' ul igjl m "n ij-^J 

| , ,i > j^-> .". ( j J o j»jJI (J-2jj 4 j c j > IjM ^-C (jj i 'i m ^jLjJLi jl j 'C i nlLi 
: Nuclear transfer 2it ^ 2Li^j «^Ji 2Q jlm ji 3j^>«i 2u jl*». 31 >i J2i -r 

<j-a 2_l!U>. 5 liaJjJ (^il 2JjLjJ.I 4\jJ m >J| 3lj_Lll J-Z-lj liilj mJj-jejj 
Sj^La (j-Aj i L^J ( _ya\-J*J\ ^jM^J "j mi t L 4 ta A " -a_a I ^ i*C t i£_jiaJL i L^jljj 

u^jL^JIj . ( _ ;r i!jj Sj. j |j mi tl 2^tjii!l Lgj c^tjjf tP-" Sj j ^ ui 1, 1 ^1 i .i i" i .i VI 

4 j «i i n 'l (jl (Jlj^>.VI jjja (JL>. ^.J tVi i n j V La * ( _ ;r ^u ^Lijj ij-A ( _ r jjiLuiV! 

.( 0i ) CjIjJlJjJI 3.5JL*JLa d^LCJ-^. L^Li. <U-a (j" mi 'l (jl ^jU" i .ij L_LtSLt 1 1 iji^ 

i ( _ ;r iljj 2JL>. ( _ ;r 3 <_3.jj_*-a jjk La5 i Jjjij ija^/l CjI_Ll>. ,_Uv>>j Ljj JU^^j~j a 4j 
.La 

jaJ _ a A j i n Sjii^i. La (J3^J (j I JLjV i _ ;r jJlij _ 4x.j a " A ■ 'a jj j I j L> J j 

S-Uaj^-iJI (j? liJJj 1 Li2j_c j? I n 1 qj j? Li-S^L».? j? LujJ d jlr u^^Lli-VI 
(j^£Lj J-S) ,j *"* 0-° tU«L>. JlS Si ijjJI j S^t j 1 n (j-a Cj*U>. 4_c.j._iHI 

2_jJL>JI »1 Ur I ( _ ;r i tjL£jl mi j JiLt jl (jL^j " uu (jLuVlj (Sj_j_ui jl 

jjjji Bjj m (jl jj 4_ajLa C^JIj La 4 K "1 1, 1 (_L* . 4 j r ju>JI 

2_L^.jj>. «Lili- ^1 Lk^j^^o jlj-LI AjJL^ujJI 4_jJL>JI Ljla i^yiaJ^jjJI 
(J^ L)' L5' 5S4_c,j_«JLI 4_Uajj_jJI I Q '1 a Cjjui~l 4 1 u 1V1 C^jJI 4 J 'J '> 

JL2 I (j " aj-i 4_tijij>JI 4_L^:ju>JI a_jJLs-JI »IUr I ^ S^jl m, 1,1 LMJJI 

. | ^ Mirt'l BjLj 1 ntl Cj«L>- 



"iL^U3Ulg't>^Lj^JI (CLLnJlg'a^iclajrft. iItII 



2_|1>JI Si jJj Ja_L^»J,l j uJI <^°i 2_ol jdl Aj^JUJI jII q] (j^i^-L-JI 

( _ ;r ic JiLL>JI SJjj i .i 1,1 i<LLuL^ J-al^^. L^j 4 _ ;t jJIj 4-i-Li-L>JI 4-lcjl>JI 

(jV J? f'*— c J '— J ' ^ *■ Lr* - Crl?^' * j J « — 2l J-iJI 

i4jjL«JI 3jJ, i h->JI SljjJI (J*-=o J-aljjiJI liilj 4j (jj}£j ^jMjj'm i n tl 

^1 (^-J Sj^a ^IjjJI l_£j*_aLjj_! sLja-ajj L^JUs* <_JL2-U 

(jli- S-lLc:! Sial m n (jSLaJ J? ju>- Lj^Li. ^JJ LgJL^>o jlj.II L>L>JI 

«LUaj^-jJI jl 2_Lcju>JI 2_JL>JI 3lj-b 3 Uj-»J,I 4_LajMjj" j i n tl 4j_uJI cjLjj£LJL 

(jjilj-ijVI (Jj-S ^IjjJI (jr^j-V "i"tl I /j jlr jjl U j 4-jLilI <l Hjja 4 jl <ir (^ 

Sjl^-Ij 4_lU. jl^-Jj Preimplantation genetic diagnosis or PGD 
*3 i n j 

i_3_j_<-u <_uljj (^^Ij—al Jj^>-J C?"^ '— 2j-*-^-J SjL_L^>-jJI <L_lL>JI oJUk CjI_Ll^>- 
j^^lj-al (_gl ,j-a <jl_L><JI J-Li- (j-a JI^OJI (j^j>.J ! JL*J La_i-3 JjiiaJI l_cu^J 

«JliJL-i.! (_gjJI _ <j-\_L>JI ' (j * j j la (J*\ "i_i Olj La jJI (J a£u i uj i<_uljj 

j_j^.Li . (J «i -»JI 3j_li (J i n j (^,^-1 j»^l (*->-J (jr^ - SjL_lj>._jJI 4_jJL>JI 4uua 
aJJt JL>.G (j^e-i I^jJLSj iju^jJLl^ £LSj^_LaJ| uJUk ( _ ;r 3 IjJL>.j *LlCJL>>JI 4_iJL>JI 
<_ll ■ aj (jl (JJ- 5 (j-* ^ ^ ^!- c ■ J - : ^ (jr-^l j-iTlaU ( _ ;r 3 L^Jjjcjj sLiJLiJI 

<- i -L i -l > . 4_j_c. ju>. L^Li- Jai. I ^ i a (jj£Ljj Lg-ua j-J^j f<s-J (_g Lj <ji_L>JI 

d i^i < -V " tl Lj^^I — I ^\ J j) se "n t,^-^-! Cu-3j Cr^ 'j-*^? - OJ^i 
i(ji_L><JI (JJLS (JJJ CJjLjeJ Lillj (jl <L_5j^_LaJI uj-ik ( _ ;r 3 * ( _ ;r ji jujklj . Likaj^j 
IjjL^ £L_lS^._3-Ij 3-J-2-C j<s-ikl (j-a I j i^i I ^ej jJa (jjJLa^LjJI (jj^J I jjj 

(^1 j— fl-S-j (_g jJI J I j int i (j£LJ 1 1 JL_^>- JJ-jj I jjkj . LajJ L^J (jj_aj U i^j 

J' ^ 

i^jJI (jJI j^Lljj 2jL>.I Jj? SL>L>JI e'jjt ^-1 i^."i ^ l( j^l LijLkjf 




'a^claJI'ft. iItII 



^r\in~ Lj^L>JI oj-ik (jl !jJt t jl (^JjJI £-a (^LlLj V L$j I J 7i "i r I J 

^yfl C^Sj mJ? ^yfl Lg-J! ^L^=eJ tiilJj JUij JjJjII JAUU mJ? i I |j i-wLuaJ 

j| i4jj^i.!j f^Jlj 4_a| L^JLa 'y* i "j liJJj J-*J pJ .Jj^-LaJI 4jL_lj*. jIj mi a 

j_j>.jp V 4jI I . . ^ i4_i_c j >JI p ^1 AU Lj^._i. SjLaVI p j <£[ -i i 

J' 

, [a A ", j, 1 I Lj^J._>J| p j i» J.aLjiJ J-Sj . i _ ;r C.LLl,l . b. A 1 1 1 3 K ui a LjJj_Zj p^jjj 
Jj-JlJ jJsj .AjJI Jjij 2JLaL»_a i2_^cjLj>JI 2_lL>J| tiili ( _ ;r 3 _ illjj JUij _ LgJ 

(j SLajj =e "i I uajj I 4 J c. j »JI I J^- =»JI t> j-ik 

(_yfl ! j£La>j tMgJ-jJL.-y.TJI i_JtaJI iJ — 3j »1 ua r Vl uoj ^jj Lg_a I J-Jtj_^u I 

.Sjujlc 2_L>.>ic oVLy-a 
<*jL>JI m^ Jji^tJJ S^jjis (_] . T j! jVl Ll! LL>- !jj 4jf jjjjtf .ajL^lII 

jjjo 4jJ i ii ->JI 2_lL>JI <Lx_aj_! tbLc.1 _ Lblj L<u£ - ^yfc i2_tlti>JI 2_lC j_>JI 
4-tliJI |>j m -v ^ Lu^j (j^il V"'t pJ i<LajJu3 a_u-ti>. <U£. Jl>- 4_1>. £a L^^ajj 4 i ntn 
4jJ i ii -Ol 4_i>. j» j m'*- mJjjji LbJ-I (j S J " J Vj i<LajJ_3j| o_u-ti>JI 4_LC.j_>JI 

.<L_Ltl>JI <LlcJu>JI 4_1>JI j>j ij-v t _ ) ^3jl uajj }LaL>. ua-J <CL^aj_i dijual MjjJI 
2jj_jj| ^ I 'J-*" 0 -L ^?J1 Cy 3 Sj^s-lj 2_iLi. ^yjij 2_uLiII ( _ ;r JiLl,l 2_2jjJaJ|j 

4_i£. ju>- Lj^li. f_y}\ j_jJliJ,l L^jl j i" i ii I pj t4j Jj-t^> Mgl CjI Jls.1 (jjj jjjo jl_iLi.VI 
<j_a SJlILJI AjJ . .i >JI 2_lL>JI 2^*_aj_i «jL^Li liJJjj i2jJLUI aJLjjJaJI pj . 3-iJ.io- 

Jii.1 pj i,_^3Li. i.'ij i" i ii a ^JSs L^Cjjj i<LtJLti>. Ct^- L i-o I J L^TL^ajJ 

S" 1 ' Therapeutic cloning ^ ■> ■ 

(_Jj_«JI »1 a Utl (jL^ LajJ t (j .' 1 " Ur^' ^; < (jr^J 

icLlj3^Ls~*2/Ij 4_i3j_«J!j cUijjJlj cL^cLUI ,J^Liiil ,j-a _ Ljj^Sj _ lj ir~il-cj 

. JjjJjJI 3jj>.Lxjx!I 4j>-J ' <t2j 4 j 1 1 STi i u a Jjj! j^c Jjy>-J ^^-"r 1 J '"'.'J 

M^-aM-^yi 0< j *LaJ| j r *j>J,l dj (j-^J^ La jjk I m,- 0 ^-")" (JLjiJI ^ La? 

J& 2_a j£LJ,l 4SL4J S j m, r d_jij| uJI djjjj ^ (j- 3 ^ "V I (JLjJI 2Ja_il jj 

:4j>j d^j^JI LMiJI l jtA'(f Y - -V/^UYl) 

- 
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S ' Lg-La 3jjjx. jjLua.a (j-o Lj^LiJI oJJb cr^- J*J i a >■ 1 1 (jSLa-i 

j j "i «"ij i .i -»J1 Lj^Ls- 1 ailtie a I gjua I liijj 4jj| uaJI 4jjL>JI 3j£L!I 

^jl ^SLa-i La^ i n j^jJI jJmaJU ^^y-A c_4_uLj^M fj\ ala I ^Jjl mi a ^j^a cLtiajLill ^jL^ill 
^^ylc ^Jj * ^» -»- H ^ ) "i a (_£a_La (j1^_L>.j cUl^ u a ^j^a ct_tia_j_J Ju^ju la ^_jJilj <_£jj?e_i 

,^j^J\ Jjj>Jlj! 2 aj mi U - V 
^lj-sr~i i nlj i jJLi jjLoijl jj^o 4j J i .i ■>. 4j I-». Jl>.Li i ( _ t j>01j<-!I jrl i uh i "VI - 0 

,2_uijL>JI Lj}I_>JI l_$JLa Jj i^-»Jl joj iVjIjji^L-II 

•.«LJLlJI «Jnljlj-SJI <j-JL»J.I Osejl jry^iJLIj 
i 3, 1 gj I j "I , I j" -i jjj 2_j£.jL>J! L^>L>JI ^Ir Jj ' a >i 1 1 : Vjl 

_ tdJi <>aj .U.U UjJ ua^ jlS |jj <2L»»LU dj_Jj>JI cbbejVl f.\ j->-^/\ £>LtJI 

:d_u^l jjl uaJU _ Jlill J n '.i ^-JLc 

. jj-cis jjjj lV^S '' : ^t ^: ■J-" 4_*J__aJ, ijS_4>jLJjl (jil lil (JLalaVI _Y 

.(jjjJIjJI jjbj i^j^JI Jjj»JIj! <U_uiU _T 

.(jJjJI^JI (jiLiJ 'Jy-^' a j-i^i LuLalj 1 i oli (ji_L>J! _1 

(j^oj Laj^e-a J ir-i a 




a^ckaJI'ft. il^ll 



(j I julj «L^. j^>J I Lj^ljJ I ojijy' 1 1 A I ij^usLuA, I f. \ o\c ^L^. I i Lb lj I jSL&j 

^^y-uSLI . «Lua^LuuVI OuIjliJI L^ol JlJt" t nl (_p3jl_*J j 1 LLsjj-alu lj ♦ i 'o j 
Lg-j-fl (J^J ■ w j J '"' V 4_lCJL>JI 4_lL>JI CjLjcjI JjLij (jl tfl J "i iVI Ciill 
IjJjiJ (_P-^>- j»jJ J£ illJi ^^^JLc lj <lt-i_i (j? (j-a (j\ ti 1 1 n U «I «JjJ JjVj i JljJ^>. 

. 4_4_lL_o n i n) j^j-Lc ^C-AjJj-l 

m t- inti 0 o fl'g i^j inlj litl djl n K JJjj (j! VI dili JUtj u ^ j j V Ij^p-ij 

j j lu (j^JI (jLajVI 4 2 j iL> i—aJLjej i— a I uu^l (j-o L0L4J jlaj j«l«JI jjjLl (jl» 

(3Lo3l >_u i n tl j-ifc idJLubtl! L-uL-ul (jLjiiyi d «Jjl^ (j^ tiilij iJJLtJI £-a 
(j-a ^jt-i" i n't Lj (_L^-3 .« Ijliir 3J j j ii U (jLaj^l cL2_l2jv j_a <U_*aljJI d iij ii->Jl 

^,111 -S_iiu_>JI 2_i£.jL>JI <LlL>J1 (_yJfcj - 2 <i j <i->JI ojufc i t-i i io'i (jl J ioi litl Ijbk 

!S(jjjJlj (jLaj^l £-& j<u (j-oj (_Ll«JI j-a 




» 



i J^iUf fS$?aJf| (M 
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HiKfcfh Aiflc, r_>l, C'bci, J„ llwriiM. D.i:, W*, r n S*«JIbg. A. h 

flrHmrf, J. h TftUlU, Mrlpa, M|„ ^iej< »Hrl h., JIJjnL, .J|-. Kflltr, <!.. 

Ktbrwr, M. f- Mintak, IUL. Flab*. A,U r k L ,. ai.M, Kjwl H„ W,jl 

F.M..C««f*,.H,h»nnHl. M.I.. K«i,ik. M.k-fentuM, S. «4 WtolPh DJ. 
liML|L SU» «di b**Ttr. Mur**, D.fc, drdttf , H. J., ,pd dlirb. D. «di, 
1L*U 5frt*± IlUbr, N™ . nriL : f r*t SfOI* ICirtx« L-bur,.^ [W), 

> A* r_ IMtr. KM, Pridmui. VJU Ifti^l, £, U.rtMb. V|„ „J 

J. [IH* toh™ Urm „|| t ,1™ -r, .bk * 
E 1 i rhc mnuv. lirwlnpnrnh ] 10, U !-Ml, 

('■Mumi tril ban fi -.-i 

1 1 mil l*Hli>hiin: MiimJ-iTn lab Iur r jr,,v-l | JirTcrrnliilnn Jnil -rjrk 

llbU drirtjporrfrl. F.r. I ml. U, (J-fT. 

lf k'j- iUHdiJr, A, SihnldiiHT, KirKlDL Dh U<Ii 1 i hU II.. AniE, VI- 

■■M di buinin cmbr-i i!rm 

cril» tua tBbnual h«lw% tmafvtMf tbr ihrw iKnut pra U.>«n. MM, p W, 

t, M-?fL 

5». Hurdna. r, ( twhfrv |„ Mrwu-f, L^.Skt, k, hJ Smtih, *. ilWij. Skcnlint 

Fi«fc»J*linj, ntW NUe V*f -TfiC*il Jl<j 4iltrriiIuCi|,a uT plun^ilanl nnhnMK 

iIpm ■t'II-l. rvili Tiw*** Hlrs*ri>. l-fctf. UI 1 4J. 
tJ- Vi* a . M . Mn j r jl*. J„ jj*J SmH^A-G. (2D»j. (Juolrii li™ f -vprroloi «f Ort 
Hhi dfflemtklku, MlfftMmtadbi «r iHr-rr^wJ |:H tt*, Nir. Ctoet 

^fa I. <s*mk». tVIL IM, 1 5T-1H- 

ft i ^1 ^-"f- K- Mulp rt. h. I, ir.1 Ki-Si!. r. II UKS, 

+(|WH*» «I llK OH-I Inc^riin. T«H n r dering m »» H pm. m II 

5J- J-!iiv M.hL Mioid^ T- ud HHnnbn^ l.A. CIVTJJ, 

■ db h fh*wi<icm«-«rthrf.ml »1 -ntt. IW. '\nl. AndL ^ C K A. Ml l*M- 

1 

M- P**pcr. llllctl, EJLn Swwt. H.(, . iml llrrjvnbr ij. UA, 

Fhnmm» iLIP.i»d «cQ miAhk . Kcv. S^i Isbln. 4), AU <H 

ftt ^i), LJ-.ri Drlhw.SJC, IlfHin MnnKk».! .nbbodki ari H r l*fH : 

u. 



H -.V, M.. IH.uUL^ M., v-. 

y,3K.i:niiL k.i.i j L ,hmr„ I 

f*- l*tah KL <»0W ! 

HfU iu Cdl. 10*. 157-IU. 

t \* ipnhclul llWif*. Vkn». :H-. 1 4J I LUJ. 




AMtfto.. DJ., f;^. K.H.. jl^ l» n L W |i, L L |1DHX t" I»* «U fr*H 
li'i'.'.i^i |u,uii.lii in7 Vi I. 11<vd . 




a^ckaJI'ft. il^ll 



pokttc Atol, WM, TftddT. 5, 

•!■ Bnbern, R_ GiUgkr. L, S\**mt*. AHn.~F.Ih. I 

TAI. i IUHH|. Ili.p*nin lutpbilr 

(rl mriinlrd hiEM>pcl«ly Suiun. JJi, JTi-jTs. 
'I- MfMV, t, CkiodrftM, IfJU Hurtm U.. MiU, fLA., ml MrKurehw, SJt. (SMI). 

TUmnit Hm J iirin briin: nlli bnrtaf nnrnnil linilgL* giwninl !n <hii Tnim 

ton? ■MTn"f . "*ti£ nit. 2WI, 1 TO-lTUt, 

Krw.hiik.l'Jf., HiimI, l'Al., Krihd. G. L, nn'J lfU«, J LM. ■{ S l*HXi | . Frnm Hirn» » 
brii» 1 ; «ptmViB af nrarunil pb*nrih-pt£ln *lulc fniL-.-. Hnrni-r. IWi, pT|i-|7Tf, 
l*tant G, [ wllu-lk- "i i i u i : - ' ... 4. " M I r 1 1 H . M,, l'iplucck E., flmfidiii^ JL, 

t'uwn, (i^ undi Mtviiw. F. Mattle npui>i[ h;. I ■ mi 1nm-1lLTi4.nl 

■gregr nic profculDrv. >»e 171, iSIi-ESJO. 
7 -* L (Jflk, n_ KjJiEUm, J., Chimvnii. S.. Jiluviik N Aodc-min. U, £k. hckcl. 
J„ MiKay, FU ftrial-Ghari, EL, Bodlne, BJt, LerU A., ud Anteru, P. (JflO-l t 
Bom mirro» relli KgcirraM lofirettd ■LnM/diu m. VuCr,.-. 4-1'h ~lil-7TH5. 
Tfr. KiMtcr, A.*, !S(|»mw, M.I*, Stitotti, M J„ TikuM, S„ Burkhufl", DL Wuj, i, 

Hi'inn. S., Idhtirdb, POt, ind He+tu, tfLtfll. " i.-i— .i - -■- ■- f^n^c 

nin.Ljrdluui m buntu I l-mu -ikrknl un^iii^-lj - is r.rrun!n-imli'im j itjff 

id Imprm», finluc fuKrion. NiL Mh). 7 p 4Jl> 



77- L Cmnun. H„ Al [Hafal v, M, t EtoUau, M.. Dtdutt H., CWwmt. L, 

^ ! 1 \ . I INcj. ■ .1. M.. \h L ik~vITihIi. 1.1 ... .iinl l-i- ■ 1 1 v . 'i I i! ■ !■! ■ - Fii -" 

lu«b.iii|mii<iii< -il m, ltIIi vam dirrtTr^ipdr inP» "wnuGwj-H-j Id iItd. NiL Mtd, b, 

T^TbaHt,*.!^ hlBulcnal*, M.C*r4Mr, IMI, P, B,. Mun&iH,G,l 

U IlLWK.rip, 0„ iri Kihn, JJ.S. (MWl. LWtf fnim boi 

Ikpahltgj.Jil, IL-li. 
7f- UMp S. Rugiku n ,ri V\,*vr J riOtUh '|«*m im jfrm rrfl pbulriiy". J C*WM«I 

lari S «)r S72-577 

(ML m Bit m I, JLI 1 .. nftkd, .1.. ihd ITItt, J. (IflLl Ih criirratiun itff nr«.nmh :inil 

id^Hlrml 1 ik-j iL-h Tnim ■ f«mmom |ir^rnr*w tdL PWun. 7, 
L<l-IbrbiHH nu4, «d Tfmplc, S, 1 I^Hj n «W«nrF«i raulapoknoil iwm -trtl la 

1'nibn.Mk rj.1 [(-rL-hryl cH-Tft-.Nimrt. Jfi, KUU. 
H]- ( h. n J, n'iluni^h» K, fwim* M. TgrnKr ¥, K iml i N< Mthwl ]391r^ 

&4nrin II, rViCI DJ, Morfin JE t FbdL hM fJilMito-L Indatei iluJtal mdn?k 

ilhrbMMIClillhLI 1 1 1 IlUiABli fiEkl 1 1 1 -.- hr 11 h- 1 1 -■ niul i^no t-f[lr uni) iniTUhi\ iiiu^'ff 

nrctMrHtwB, SlTm Cclfc. 30W ^tij 4i [Fpab ikead nF prin i; 
tl- l.k«his KVr, iLMktuk TC, StutM Af, Ibrfa A, MiMbf AH, Dwi H» 
Minbik DFL Flikt \W. 1 1 amin Kuwirui dn cdb fBfraft ud 
■I l- hCtuiE hil, -h|H.Tifl, JirTiri.liahio »[Wr i n pIvpj 1riiiaqilnnhi1liin n ihnp. 

r«>4 HcJ.j*Hiio-i!s:-i2S*. 

S*- £±wna**-i M, H«*t*-B*Ji r dr Jwint, BLGh Gnns, F.. Won, E., 
Kubisui, P. h Edi, F^ Hai, C^, Ctrtmli, SL, Cuumi, Jl^ wn, P, Btut, F'. U, 

■ lili HwbcP. A. 4:iHW|. Jlrnr iWrjpi nT liiimn wrr nwhinpd 
lm-Lnr.dTr K i™ 7i 'SODh.VI ri H UH.&k H n.3H,«Hu*71. 
S3- fc«Hll (N3,lll,,fl, U f: Skhnlto, M. Frlul MM ml b: P^l IV^I.lt £ H^mrL-h 

CUfaH Ohn-lii» .Dd GTn.ncpkc, V*i 1*. Nd. 4, pp. fl5S-a-5, J*M 
dDl:IU.lD1fc-j.bfkwt>t>iJll04.autU ividUhk «Uk K 
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Ml- r . m. C.W.. IhMjmu*, U W***, P, PHMinK. CJi., CirUn, C H " f". 

TirCu inti li^chi A I.IW4-L FlBiipjinri c n 1 ^ rv ■ ■ n u f (dt\ in> mu l-Iimil-v iU-nu-:! [W-ft 
iHl- bddu. ttruBoriimnniB* «II Im Tm-1. Kffcr<niliibk.n in vh-n ud ln kMkl. 
Lsi. LnvtU. 147-1 bl. 

Ift- Jih-k1i*r, M,. ynnPki,. Cl.. . .1. Mr|, un , U„ .nil B»vwl?>H. (K4t|. Eltaa 4 f 




<in fi-ll*. I f rw. NitL A™L Sel L S. A, P, 1 1507 I UU 
St rjurhdrl, J.lN. 4>tlF**ft, J-, LillPrlprlU. J,W„ BlimrnLhil. P.&.. Ilupjni, U.K.. 
Cnl, V 4 ( ht-nc. U omI ^hdruiih.ri, M. L H«|). hfNffil* wmbnvnfc svrm «II 

1 1 L- r i ■ : i f i ■= i ui|irrhh i | ■ |~. : . | ■ | r. I II |; L -I 'k', i! ||II|L ||I j IK in:irkir> mil 

ptUttrait (tMniW&v in Pm, Pfii. Adi, ScL U, SLA, H, IE3-1IL 
S^-Ddoricn, J.Ru Knhin, Dl>(., ind lh<nun r j.A, (jWlJ. IHuhilifrcipc 

HHeirartiiCWD fram. Humin InbrpMH SkaCell I.Iim. Sita L l-IU. 1 1, LUJ-JW, 
M-Mir*nL. M.t, HWflJ, ImprinlinR ind *ht Lailulinn affcu lilf □cb*f in Ik | 

ItabCrlL W.J**-JL1. 
»1- AfruA-KjIrrln» HidJiialnniUi ind V\rtfmm E UpiiiiinK-u. Cu 

1 1 l * Miiwi Hlift *mhrtiinlL- liII icthnuhftm h* ■ 

diuraT {rfromr Ukilr-p 2CH)i, J:ne™wilK J. I -ICkU.b 
MI- i. I l.n f . Eh. I', hiulH.iH t . rmrj. M, rdnm^ A, Uli Y, hcvmr II, ] 

LV. ta| X: Ahfnni p* d rim n( S *h«d*™,n„= IhuH^e, Ih I 

^HrCriwI IWI,Jlill*-22D. 
«t OgaukJ N, Ihk K, ViniMi V. N^Kll V, luarmu K. 5uuM O. 

Nikjjima 13. Dai K,DbEwn l', Silnb M, rt il.: EirhflHlb u-f m.-, i- .-Ihhl-hI rmin 

HHlk «b, NU tifwl MH. 5D:25i-2fl+. 
i*4- H„k .m Hih h, ,1 Mn-i.r K. Kjla H t Biky GQ, Jirniicb R: Cnmclk» nfi 

rmhIc dtfrtc b* bm!u# Ei^pkniuci,,,, „4dl riihnt nlf wd p» Iknpv, 

CcU^OCII, JW:L7J7. 

K^in KuEHn. HpJf»ori Akulsik Jinci J.orinp. Ijurlt Jukjiin-CJnuh^, Martili* 

Klemm, Utlllum M. liuk- 'nl, ^ nrM Ynniipntaichl. iwl Kudolf 

llybritl t-ipor. fleui -nergran rck, JiJ lubillri nr hiIlv ihn, i-.I i,-. 
ind tnnf** *+\, n « ^.pkmriilBCkiD. P>AS , Mk? II, 3JttU «L M| «. L I, p 
i.]/! i.J ! I 

**- l-"PNiiiri«, K- Piclud, &- Krl*?, C, uJ Bdk, W. | LupHntlne 

m«hj»iimi Cennmt Utt. H, mi -WO 
P*.G»hlHH, fc.nun; ltulnnd I'hIII>, Jiibu llodny, Jin L«kici.J« EurAi ind Jv1l-f 

Cd«: Vtrtnn. and dehf n :|jll—l la pH tltnp^. JW5 Apn I KAy.tUl I Jfrl I . 

EpubJWi MkrM 

VV- £hpnK, <M«» IWi), StAllKical tcutum af buuo nan jad Ihdr A«nUq 

Mpm Md CtME T (Fjr 91*42. 
W- Crow J. IWJ. Pdli IhruirlH jn:l eh, ini h'inmn mnrkcT larai: fiEDrila JJi, I, 

14*- lUhiUk, .'u E, i hlburKrak, A.; Baik. S.; Kutw. F:.; KMMHr, E, 

lIWH. 3 hj l-f- « iali ri|i.-|li;|- k riik' nrikv 1 I vij ; ■ I-ni m, „, 

■nucnpiKMii adlhlm i» j *mfl mm^iun <>f Eht pnraimd CilCCC 
rfnM Blood. 77 l9ui[)W-ID!W. 
'♦E ( -Rlton J, FHrti J M DWI. "Surawa ind rtafa nf] 

nmiuMlEjlriMriM". J Alkr» niH ln»pynl 113 HQtl 
IM- thit., C.H.. Spiiapr, H. L, ind «l.u. H.^l. , HWf j, A nwrl mcio d\ dra D 
nnuH«Fl-ratJiit«l fcar tbprapv in. 
,T*lk(H.*I^I7, 




1M- AfaHHh. K S., Pn»,n. A n Hai**. S/G,. Bmrr, K.** Ut S H tuu n.. 
SpwJI. J.F.. HfrrHln E rr, l .. Oundmk. V,. BIkL PJt, UitiUrflrtd, JUI,U 
■M3ltcr. EiV. ^iKMJj. Ntinl )4m tip I h LilYiihiir Eiii|ii-im foc paifhiik^i an 

■datt faraJo: rtrfeut tram lur>tt..Ld plmmn. Fmr. ?imt. Arnd, Sri. l' S A. 9T, 
11*44-] 

■H- [Mrwlii. CT~ AHi-w, MA., Lu. U), tandu», M.DU Li f M_M, Cara*, 
WJ.. IH | LHwnnin, J.fi. P a kfkirildM(i.gijLulkli^h,L>y|,yiiii- 
drirvtrj of DMP-lipruflucIng «ILi. u rrplim.l ^lfw iWn[n Hppfimr^ e» Iwnc 

KjStnUllliiH. H! ..<.r.jk.21, I27]-I1TT 

109- SbirHi, LJL, Kl™, ftP H •■J Andreij. UJI. ,:«miX IJI^hh r«Ti.kqi ^nr 
bnufcr ulu prHrrru i 1LN- I,™.i„|h,kI„ prr W n^nr tclk Ab. J, ObitaL 

I W- LutarvWjiwh^ A_ Corlf»*. t, Tbi.il. M.. BumcJ. C, Sdrtik, ft L 

Hrttgrme, W, NraiHnhL \., Ty-hrlli, \„ mi Wrfnm-FBpo-ki, A. (JMlK 
jhHr Inn-Jurtinn -»ith lenriL irnl -iwliirs and ±iii|ili riLLiiiriR ut iamiiun 
bfBuJDfHilttic |f.i nptnl ini ^ rr m ii lthiI lilimS nT prrlniTTi tFimnn htmi Num. 

MT' CV», W.V. UJ TlWMl, T.V. (3*M>. H**HJL.i „„vlmnih,,, f.,r hikwlnu 

•ii Jh (i: Ifriii! «kuis im -hv\ hnl h.i, im n I ■hr.ini 

CMhatlUM. IWc. Pfall. And Sd. D. 5, A. fT, J7T-MI. 

I I*- llnlrn-.'. n. j ml Kebo, D.B. |I0Ofj. Ceot ■btnfrv Hdn> 

«tii: Sliypla» inm.ii i h i ihc BBb H™, f irnr TV r, 1 1 , I25V-I2GT, 
tlinrj, N.H_ PHiwhknf ks, P\. >n PlriJi, L. ialowm ■>., m 
K- I2*H1> Nflnniml tipi uik» ■ rabr>Dnlr mm hIIi ud be- 
ralis. Mnl. -Cdi. UIdJ. J B. ?4l*-?4iii. 

1 1*- H^n>rll, □.. ChlHirw, f .H., tk, Suknnrik. T„ Fttan, T.. I 
A„ Oi»v M.UL Ufahllz, HJDU "d Hb, JL (h* 

11 lir misil iii.ClnNv iml,|,rn,l.„l umh m.rVd bj I I 

. CMBO J. W, 58M-fW4. 
I El- *mH, M., {:yri»nikh, M.k., lm,L,^ >VV fhi« L CP.. rTirrl*, C J, 
, M.A- lUbuviitEHM, JU ud Th«»i, JJL iMMj. Cbulh d«ktd 



pUbCHUl for pVfekwfr'd iktIihN nT i ■J|iify. P171 , P(ii| B . 3^,, 27j™i37B. 

P 1 1- Y««W, M.C. wmi HLiH, K. HlW], Muriat p* u 

hnvlupakrtlc Crib Wtllt blgb pradrurilhL- |h.Il i.lul dlipbi Jirirrrnl rypHilin 
far pnrfudif «Iddv *irniiiqj l-i h ih.,. J. Hrmyin, >Mr_ Cn« Rrj- B, 4S I— *30. 
L 13- CL^rharc, J, s 1 hr» prtrnlip] Tur hnmnn f mbn*ii: M t m crflk Scl»c*. 
232. 9KL-PH2. 

1 1 +- Ptabjt b. r.Pf_ Lab, J, n b) .ii, [_Ht, ftr^ru. >T-]1„ >nd HMhifPt. J. I.PWSl, 

l'tfsfmrtin pnil uin ur nbgunir item <rfa: pmpHti ior j p[diLj[k,b iu I, itn*b 

bii'hrft'i ind eed« ihrap. H±pnkl. i>nii. I !n . I h, .1 1 -4" 
1 1$- PMtnaH, A.r^ Urtwek. K., hupriun. J H Vib, SM, Flmuk, M, ttHuui, Jt, 

Nkjy Guwri, B., filliwKri, F„ l^/l, K»lcr»ml, f-A, a*4 Aitctm. F, (H* Lj. 

fililrinrv Ihit bumi» nudlic myK)fbs dnith ifttr «yumluil InEunm. K 

liat J. I?U-I74T. 
114- Jk£kMR, K, WlijlM SH. W.nE Pl. PtKim L llinkh t .1. M ,,< ■-■ ^. 

I«m« H L, XLict.fl UJ. Ltlmln lit, ind [^udrll MA |2iHII|. R lvfn rn,iH. n "f 

luknlt MJtilyL Blim.'k yinl uhnlir rml-ii ■■■ : mm h\ jdnlt IhfTB c«ILl. J. CUl 

Matu, J.I3., ta»riM.n. M. v, MiniMPiri, D.W., Cra^. S,, ind hbnbik, D.B- 
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:hi, i'Iij- M |' 1 * n " l,iP " r " r 4 ' " b " m " m " nirt ' !rn "' 1 "™ ™ lk Sd * B " 1 

l'kiL-h^cv Ml, MmIu^ AM, htzk SC , J^LaMil H.K, Llnu^bu H, !hlii¥Lu JU. 
Mwnnpin Kffl,, Wrn„n*iei |W, C-rpIr, H, M H ^,h.L ErK. rn-Hilln^T rmtrniid nf 
■dtll hamil, «unctinii h, k- m tolh. Stfenra. I*»; 2H4: 1-13 I * ■ . 

1 19- Ym<\ Iur KM. Jo*rt PA, MdlilfJt «w pbnunp* tadttttd: li. ]«|,rJ i*d 1TVJ 
wlklrrHpl»*h |9?9 ; |7; 771-775, 

liH Mm v I lu b.. v|...., h v ki.nhhi I. Mr- II. I'... I. M, 

Tukikull T, K*r| S, Atrf H, Km J, i'mtiwn A, []f*irfl.S. Cirdkmw>1» <in 
bc -pncntcd fnim Burmw ripwuj c* I b Ib Tllrn. J Cll» lm»«t_ I Di; 

7IH1. 

Uh DI N kok M, Cirin-Slilb C, Misal 31, Mlkanl M, Uiorni PDv Wnrtfld 
l'. Ilrlunli S, f i. u. li AM. Human ImhL ma r/f m icrulllul w-lh lappecu T- 
K»phrin-1t f-ndifcntinn ind.ur.ed h) r ■. 4 1 1 1 1 a r nr nnw-ptrirw mihipnir iiimuli. 
IH«Hl.2IHIZi fi: JHJH-JMJ 

133- Krhil L k*ni «r.in-K*nr.n1i 1), San M rt mI. iJWt j. Hmpmm ™hn .mi..- mi* 
e*a dirTr,-t*ibm Ihh, wt»iH wlrJt HnKturil ind luielMul ^rnptrttu «f 
cirilhj[H'V#ryiFi. J Clln Ittnl IIS,4ffMH. 

I2J- Ini, J.f. .ml MlI .jlluuih, LA, Ci**l]. A direrl m m bit m m I nr th 
nJIllHM MluHmh nf purnml jniimr k4 1 1 1 h r j 1 1 n i L lis. kjjiyl. H« ]4, J 1.1 ZZZ. 

U4- MbcK*Yi MC, 1IIX.ll. CHI biotik me. nf l«*nihf»4rik -km crfl,. r*IL 

l'mlif.M.-'l-IH. 

133- 5fMjn.il*. C.J.. Shi-Md, S., nnd W*hamiP, I.L I IfflM J. pHrtltHtf* 
L h., UL1L.IUIIDD ul mw btrndUfHKK ilt m [«Ib. Scvnor. 341 , «-fil. 

I3B. MA, LC, -WdMmiR, II, *ml 3 d ..... r^- 1 . 1 . h. 1 1 91] h m*U iiyKitj o* 
femiK^fetk .um^ril ^Itfrr^i.tK- i. yIyil Prnr. Ml. A»J. Sel. U. S. A- H, 
S7BS-3791. 

127- K™-, BA. rheUt. Si.D_ Crfertnr, ML, llriKirin. O, H*B*t 
Cinta*, H,. NnAnl, S, in>l HlmrLi*, S.L .:i»Lj. Mulil-urijiu, m ilLtlluap 
Lhgi arinitiir hy * «ncle bm morri™. dr.fii.cd itcm nlt OH IW . 5t*-377. 

114- CilW*, fU C'kfmi.rT, A., i *e,iL-hiib, PLh Hahud, F_ Sthmmp. U.. Ltitmin. 
Bv, Wi*d, U_ Tlidilr, J., Umbar, C_ Llnchin, W.H.. Vimm. ind Hirmi. 
A J. UCHHJ* R!trt*-r« „r mnni[«K h-hH-otll tarelnflnta iflti ■*»ravriflibliline 
■IfaiEW^ pripbrral-bh^d «emtM !n,n Jp fart.li«. N. En E l. J- M*d. W. T»0- 

924- WnskJ, D.L., Clnlikr, M3„ Wncrn, AJ- ttail, T.ft. CbrtHWH. J.Ui 
ild Wfitut.b. LU ilMli. <>s'l„ph„. t **»Ut,l f rir,.il.!.:L|.. ^ imuhn mu 
fktW EnmMlfCttvi Hdblli^J liun nl Ih.ri ■■■■■■ r- n Urin.i lnpuii/lk: IMB tdOl \wHB 
iht Motd ift*r 31-bIum uf ibt oill -nclt. 

130- Kl». D.K.. Fejili, V. T., tai. H, SWlnj-m, A_ ud KfftnpdH, 

II. i'llffti. 0>nipdrt»D af h«milofoi«liir «rtivllira ..f H.mnn I - mur,,,,, and 

BBbllkHl n." »1 cn.U |**lr« t -*wl n V d« t rili. ShbCeSi. I7..IK-3M, 

I J L- Dckmtu E. (1WJ. lBbi?rjok brciimi nl ih,n. uh l- Wn» itu *irm 

Efllh Ann. K.Y, Anri, «i »71. 14*-Ml. 

IH- :.»IU:*«r, U Hmdnth, B.. Wi. D„ Juirjn». | . F-VII>> — F , j K) Hb-tl*, M, 
iISH). UtvHUnlrDD nTmm\ rir™J»ninp kH «nbryult r,k*d Htm cdh. 
Bfcnd. •»>, |T«-1 T4T r 

3JJ- bh-bubmu, T., E iri «4 beri t L, KaU. M.. Svlimit, W„ iR 4 K««l«r. KL 4 1 *»J. 
TIk b tllru 4eTfh^m<ill *f lfln.iiifjii-iltrUfd- nbn^ak i1hd rtll Imw: 
b- 1 1 1 1 u ■ 1 1 ■ n d vlictrfll Tiilh ih, bbod lilinds ind m» Kiniku m. J, I* bn M, t'-tf. 



13+ Ilok. H. Embrjnmr riem «fl-jerivtd I 

Chrjiaj. ItS. 1HL-I». 
Ufl- P"kin>, A.C. (lSWHl. Earkknml oT Mumi f nira ea^nalc H» <dU la 

vlinK Rcprod. F*rtlL D«v L&.54J. 5TL 

I .'t'. hunimu». II L. Kvii-.. It.l .. iiltIiuiIi. lt., .111, 1 lhi.rr.hiin. .1 \ 1 I " 

rhinrUil ilirTi.'rrrrinlHin -"f human *™hn nak ibem tcll» i» K' bctniEupotrilc ralnan 

Tami in* iJload. M-l (SuppuiDKac pari 1 1, SAa. 
ll% ChH, A, {"-H., mil H>m'uw. D. E, J>vrlnpm*a1 ind bejiie f r 

jirimilivr h™a1n,puiftiril*ui nih in AALD-'cttv mi:e. F.ip. Utnalnl. i? n «5-?JA. 
13 B- Sudn, h... h.nLk, II. r Merata, V* *M NatUartl. H- iJWtl. ARr-uMKuled 

L'li:im h -i T ri<i|irT urnurlKbnni4pp#k4iE tttm nbJ, F.ip. Med. 1*2, 
13». Aiuict, J„ \IIIIl-p, C-t- Khu^faha, H.. l'irrE. J.H n aad Ei>h. C.J. tffttll. 

PislinL'l mh uf gEdJu 1 aclhaclua la prriiaiicJngwelf-rraeHal ilKlinm h) 

■m I ■■■ |^ l- 1 1 s hClni4-i'i| muHnr B*«iin»piiwtKr ;l<m nih. PruD. JialL Aiii ScL 

U, S. A. «,3717-171*1 
Uli- Em*, H., T>kiH, II.. Sudn, K., aad SnkiucbJ. II. <1M*|. In Ulr* *rtf- 

nantal dLTtil,« nf hanunprttailt ^ird> (T || V S- E*m Huni. ]?!,. EI5I-I ISS. 

Jd«:I1J5 I r*2-6-J4, Rrvtiv. 
< 'U Jual, Taraatal*. S. K , K.ui*m*L|, t., h, „I H™iflj,f, A- (MH). 




1 ImkolH init brrat UKcr. Cam. t iMtr A«. t, 4J*1 -IJ5M. 
1*3- HHintr, K F- SrtKiM, C, t Wtimjlnpj m hht. K., hnauvi, 3., SlnubH, B.. 
IIiumt, E_ Frrlhnger, M.. Uap*. H.. Elba-Uu^tr. A_, iud WatftdVr. I. I («U 

I l 1 1 -j ..-.n .-r liiian^MHrnm'-dtrivHI nih b? ik.ilrl.il iad cardiac mudcin idatt 

d-hr|v,|ihi L mdi miL-t. l:tbbri„L (Hcrih IW, J^1-J¥fc, 
144- AUsi.ll, U H.. r-HiUhHiilL, K.. Ji-lttfj, H., Uhilutn. A,r\, ^U»Rlin. A„ Jarah, J,. 
NotiIE, M.. Pn-nlk", (i.. ll'iUinrTkiun. J., amd W ri^hi. S. A. | ICKMJ !■_ lirffcuinyin 

lr ■ 1 1 1 1 1 u : I L' ml uli s-Ii-iii Lilh. Viluri, -lAb, l^'. 

\4f- G lamin u MC, K.* h iri L, Lapillona? El, ( halau-r» ll, JvJjjeJ 1., I 'julur "t, 
Mardcn MC, WaJieaniB H, Iht»uuv I. V.\ U* n parauku* «OMlIjr nvalan h»mAn 
bl'hod nfl» rnm hnnKupckHk Hrm tt Ih. Mat BJntcc haiiL SlHlS J*dl 13f! 

1 «- FhLkIo> lt. SaEiirin L 1 3*«lK "J I .«JrncsrtlKHiE ubr t? *l« pniUJtniilM af 

Frodanr T«Ui «nrnipouiiE In iniralfutin-L jnJ aagfalr lu svnihMUL- [h c 

nnmia B*r,or". Vrtn J J lihmnMl I S I I h 19-31 , 
I4T- IlafbEi \L: Muleralnr cvdIbIhd «r the v«Trtr*tt J11m1.hr »^1,™. 

Blacuavt 1 g(l^ 777-7W | |W7j. 
I«- Tutirin» ind Au1nuna,uMi\. I. K*m«* ul S. K Miuh^.n |II»ti (t 
J.M*d..144,4,S!WiM 

l*P- rilMMIII.f 'l 1 iad tlUu, fel.l'.lltHHIlLt.LntLk^ uni ihili-mih- lu 1 

cryctlfllld.imu*. I irr. ICk-pm^lnL Rrp. Jn 13—18. 

I3*r Traynur. A.E. K Scarwdk-r, JL, Roia, R. ML, fntB|i, IV, SiL-n.y, J., Mujai*. H., 
Eiikm, -'i-, aatl fluti, fLK. IIHth TTVRlmrnl nf irvwr sn^brmir lupui 
<rvlhc'mj1u].iji n Mh, hl0>Hilni£ cacatiirliL-miih nuiJ lui-murmFik iLcn-cHI 
ir.n>.|il:,ni-Li«in: A |ih»w T jladj. Lancrt. 3S(h. Till-TCT. 

ISI- AUi;r, |pM^ Eteaak. J.»U Hs j BrtM. uirm. U* Mujuaular, H.K., ClRpp, D.W., 
Shallr. LJK, Capaai, AO, aad Genoa. SO_ i|lt«k- 3^t7. j, m 
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T-TVtj llttp rrrnivlnfl 
„si, „m,,,^. ,„^,. nt . h; m J puputan. Muat. tita* l*rr. H, m 7- | * j t 
1 51- O*. r», H-W^ A*t-hw. XI J WB «h, R,, Fntu, C.F_ k&btw. Jy>. Mi 

siMk. im:. imji. M„,„r iibi KM p.iibita > * 

nl?l jlhicrjfi; «un-itil. Ihttu ira. II, ] ?!tt- 1 537, 
15J. WiUi <: liDOfiJ. *Tfc»ni|*alic i 

ApfH Mlvnjhnil Ekrfrtb.[]ul B 7 131-4. 
IS*- Lfllrfi J, HurmlpL- H, Htu.,.^ A (IMSh ,| T«balrjJ 

[,Fi-|Mjyri,n, uniS lrunx|i|HnlRliaD",Trwpl Ia1 I D |?|. nl.<-4^2 

ISS- Sfcipm, J.. Ub*j, JAS* Rtu, LA, KcribuH. CS. h TctB, E. r muk 
G -U K^tnii, fi.H, *#d Rajallt, R.V. ilWl, Ud it-iiiifi liiiiBiiiin in mn 

pilkiUs- wlEh tjrpe I dulu 1 : lilit h nii»; .1 ulutiiviiiiiDMd-r<«r 

BnBmBaanpfJ rwI'i-T n^ItTKR N, Eafl. J. Mtd. i*J, 1M-U&. 
Ef4- Tirck J I E.l Mftailh.1. hnn lil F*^nr2 ~Th* ELclinotd I adu Tri k'^ncriucli 
UH W KrflIT*nnlin[mn-A.[Hip4njLi$ti|iJd-ni:-t nad «hc- MliiK-li-mlii..- h \ij 
Ofeli|iwr> Sfqnc*w orp:i'rt[fcJOr. J FinrrrMfOmliw) IWfi; HOV.ltA-tnC 
157- Saria, B_ Marun. I'., AnJreu. I:., :N a iii.-hrx-%pdrc h J.V.. Sm-hir. iisd 
M*ataaj(, E, (l u Yfi>, hirainbhpJ frattinn «F hl*:kiblt ATF-Manlri^ k' rh.nndi 
laalrlilran^plinHd tnin dluh-df min-. HiulniLh. 1?, 1755-]7(jD. 
15H- Itiisru. I», » m | Mrfi, I*. (!Wh Rtt5MJtnndn|. Liati tam- r» m ln 1 jdip, Adr. 

Fip. SM Bi.it43t.iSS i¥H. 
1»* UltNMV, h n tth.n J:i. Q„ Lm» f- Vttuea, g, fenln, t4_ tnJ >l*K«i , IC. 
42(HHj. |li(T«r€n<iy<iun ot EmbrvMlf Kuai Cdh b l^ul.n-^frrHmE Hirwmm 
SlBUhmPkK^HL M,-h. x lK . llt ., y>2. 
Ift- Awmij. S,, MlOP, C, \m\t, M„ IHkorlbEldar, J.. Skii«*UI. K.l^ «ml 
M. f M»] k laaulla pradiKlIiM 1« kn-mn wmbrfmk ika «b. 
5«, hlirJVWww.cfab^n^^lita^l^pJdiffiu^A»!^ 
iMIBIlHIL.aJf.. 

III- tfpftrjf t ilr b Tdbt, D., llmham, T,. DuEtlirta, C. r Tvrfcwj , b., |(hja- 
AdutU P.. Lay, Ya*. NJ n Hhn, S, BujsiT, S,, and Lrrine[ F. i»»l|. B-eJ 
dirTr/rrnEiilion frem <. human' poicniik triJ Irm- ln v\ttn mi| ln ti^i HnL 
KadiK hlikiil. |5, l~n— m, 
I* J- hLin-Ansnn. I*_ 1 1 l- n 1 l- 1 l- 1 l : ■ . i .. Himii-, S., n-u&tfr h Ttuir, D„ Bnltki. 
f:.Ri, M»imi4, J.. MtJfc M-U El^yk. A .iiJ Lrvla^P [MfflJ t pIlJUI ud t*ft- 
nll '.o n r t,- r jet in fyncrgr i* p r 11 muk- JU-^U 1I1 1 rlcipni#J[ ■ m famnin pinrubk 
<*docrt*r ini-tunnrfil! Nnv >lul, EaducrinoH I I. MN H.J!. 

IhA IbnnfrWur. V.. Ciiu-ij. M.. ., r k™ W,, h . K.H.. 

Mm, A, and trPfill, J, J, h3(KRIj. ]■ tiIii. culll^uiina ,tf hanniM, bbb Tn«n 
«ipuded iluctal dw. Pr« IMatL AtM. hl. LV SJ, A. *T. WMtK 
IW- i£*ln*ilsl, El., Abrakim, E.J., 4,*rli[>, M J., Lhaak-], \Cn r ii^ W„ 

HuUh, B.. Vifllfjn, M. -J-bv M.K., and H R bcm*r, J.F. (10Q I J. Muhipt'lmtiil 

L *J*^0 




|iS- pc*i(lr, nr«nlM*kl, T, Upu. A.D., ind Uivik. A. | IfTi. l-ucilnruil 
b*ta-CEll uu iftn tran*jjlia**DttiH nf hunun fii n | papcmEk «fei 
ililTi-rt-nfinlion "r |inrfir*Fa1i«T Y.UiUin. ia. lAi ln. 

166- Ahaun, J. umi IKys, [..IN. 4 Avlnmg|ut;nipbw iwl hiitclpsical tvldtnct 
dF pmlnilaJ hippocim pil neuroteirtili. u nih. J. L ihh|:-. Nl-uhiI. ] JJ, 3)4-3^5, 

167- Ahmuh, i. j lvr.U., ^..Ji.r^dli^rapbk iad htsinlopcal ilnod» nf pcsladlal 
. IV. Cell prelihrtlPU J «3 «IphIhw M m i 
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*p*oi*l rvri-rrw iv penktintj nrurviEM*sH Ih thr „liVuir, Mb, J, Cnrap. I 
137,413-437. 

1«- Gifft. FJL Rit, J, mm4 Fbbr, U, um I 

mu i.r .ir* rrfk r^m Lh CSi. Aduh. R*v N^HMd, IX. 159-1«, 
I**. fiip, FJI, CoAMf, f, W, Mmr, TD, Ku k*, H,G„ Fbfer, LJ., E 

J.U.. referen, D,A_ Suhr, S.T, ifid H*>. J, |'|H5k Sarrfnl uJ dllfen-htani,,,, „r 

I pnfMittr « lk IniDipliDKd la 1 
M.ltShA.n.tiSTt-IIEKt. 

m- 
-I 

1 71- "l>m.|iK-,^.apd AharK-Iluitli. X. ( 1 9W|. .Hinn nih n tfcc ■ 

cculrml nmoiM^ic-m. t »rr <lyiip. ScumtHnr. 9, IJJ L4I. 
1^:- .Hditm, SJ.i Whltr, KM, tMH, C™ awJ And«™«. 15 J. limj. 

1'ftRfH-vlh v idvnrilkilita, liouitiM hh flim fUniiiruy, pnil ln «i»» «clfnnni-il of 

mulilpACrBi iiuomplMn iMurdtral itam «Ih. f «IL 
1T3» Finlcktr. M.udKmi, C«1K Mtra «Ib ind wh mprirtk. Sentak 

D.R.tGariHrvD.IL, .nd tonik*. P, (C<Hd Sprinu ■■■rtmr, Ncrr VwkCoH 

N|..i*|! H^tWrLihMilaijTnBiK JW 4JH. 
IT4- fottuh. F, < =(111,, |„ l.lm, D.A., (i.mt-VfriuBn, J.M.. ind Ak *hrjc-ftok 

A, H*«)- SHl(«nirwuljiF Jftbv ft,r n xyl« ^ nruml itam triJi l> tk iM 

miamiliii brain. CHLCT. IHJi 7 1 1 
|7S- Irmwi», V„ aftilli, M H Cm™, B.C., Rihu», J, Wegncr. E .l'... iind nn 

der k-hih ]J. i Iffli. IM,n.r[ ,i,„r.,l wlls i'rihfe-rilE ln rapauc n l:r r h j ml 

l'GF ia 1h» drirlopiia. bkhk< CtIlIill-|iIiuIhIi. [k-i. IEhiI. 39fk I&6-IH, 
174- FJtutar, T-U., T«kih»hi. J.. ind S^, FJI. fl*»7). TVr m 

bippKimpai tunuim pnm„fdi.j « u „] ar TO ,-,lk M-l. < ril. V-upiki. H. JVi 

-HM, 

ITT. Critll, A, FiMiL, EJi„ U, FnCtblfail» K GmM, R+ RUw, L, 

FurtTrill. L, Mun»Bbi) 1 .DJ H Roh»*, F, Ntekrf, IIlIL, **d V^tti^l, A, L, (J**)j. 

VultlfwrtniJd icrhi <,,JI, rmm Ihradult mnutfareln prokTenu ind *HILi*h^ |. 

r«p-ra rabuk lihrahltn E n.i*llkr 
17». GfKhwind. D.M., Om, J, FutenJay, l^hrm. J.D.. Jittk^n. Hl_ 

O» t, Anrtnr. 11., Tmlukta, A, fttMrain. I.I.. Sl-Kmii, KurnHum. 

H I (Ml). A tthrlk HHRlTik of nm™l BTticnn.r Vr-cIUcInr,. Siuml 3t. 

179- i>triiuD. T.B_ *lrt«, Ko n«l<J^ Jt.A„ >li|li, M£. t iid Veswini 1.1. 

II^K Tariani! bnin IbIii hhiml. i htiiijiniinlriir fRPr mlupNnl Uv idull nrnil 

*ttm cdb hl ihrh Sclew, ZU, 
IHU- KhUUbuddUq F USk, rmttr, T.D., nd Gigr. F.EL (I9W|. Tbe itwi fbr 

nnnl pn>E<ni1iir idb: pfftspw» fu|- (h? ihrnipn. uf nrundh^mnlhiC' duuu. 

M"l. Hrf T*Ji?. & 474^4Sth 

Jet*. KK, Htm, Mulhr. T., UuEick.Ujortlicric. .ml Mc-k^i , 

R.IX (J9HJ, EhvoV futen dlrwl t\,v .I .rTr^rncipi». fl r rin nrlli Tram tht fMil 

H*f«lMli ci-mriil ruTvuus iv«l E m. Ghh Dw. lu. Jl3Ml«L 
ISS- bynnlfe, (tA, -n,l W>i H , Ji. ( m), Grnfnjlio. nf j 




.VLn, GHltE, Gilk, B., ud Tind, f_*. (lWj. l^lttito «nd 
nf nunl njnirarniEd mullipatcDllBl fjnbfTOtk humuii i 
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UI- BhfaH-Illuni. M. ilHOi, Fnbn numlliiig ^- ~ Tl h tW 

•MFlJtnM. l*.Krv,Qlnl, Lfr7, USS. 
I» Lr ihiMria. KM rim The unln^ rf ihc «-m- 1 £ -^ r lu iMin f -b™ 

IV nhj nr.'l. 

ISt- Le Dwurtn. N.M. j n >J KiIcIkIb, C. (JWSJ. TU» m^mt» *r h«tiI erat 
«*»- 1»: TV arural f m L 1 Cunb.rldjj.t. Ntw Ynrtr Cinvhridap VniMHdn F n,™ k. 

2J-5SJ. 

Wl|it. FM n Hvnfaaif SJ_ <>r1a*diri. H n Kuba, C J., Vtrdl. J.M_ ml 

kiiilrfTM.n, ll.l "JipH |. ^mi:il i rW i?i m allv UIMiilm i -.- 1 1 - i n I -m-. . 

d r l- [+:. p 1 1 1 ^ 1 1 1 1 1 1 h karibi \m iii'n^i4i> i4\ 10 inMrucihL- 1 1 1 rTi - 1 1 - 1 1 c i lh r i ■ 1 n linmilj. Mruron. 
li, ,TT-7|, 

ISS- Kirr, D.^ | .min, J„ Sloaibivll, H.. MiragaU*, K., Irpnl, , Di k d-. 
S B pfjlnffliin. V. limrhun. .1.. ^ ml HmWri*, J. |JHI|, livnu e m b r> OH k KiTro 
«U dtrtvmbw EttHIcil. melnr rMDrmrGrtKiwHIMIinW mirtDr mtmme rajun. 

H* B |D rUii*d, A. tr,J llnd^l, 0. (IW«K Sdr-r^lr h, ,:„,■ l,„i n , N alun. .«k. 
fiu:-o*s. 

JP* FiUnn. JL KtH, S., Kini imi, H, Opalf r L, [ii* kr, FL. EUnrll., J,. K*rc, H, 
i:-du, Ti, hnf, JL, iHBU^n. (i.. Knrkcbibadhi. M., l**Kl«ik. |T.. HH j 
LHfhlkf,, Kl Jjrtffffl, 1* viva isdKbwn n f matu Lt phJihrnMio*, dimted mkjritK^, 
HndidiflhFcnliJlion nr m-uruNi-ll, |p ih mlnlt minmillin tsnUfi. Fkk% And. 
ScL L. $,A.f7,|4W-|W|. 

1 ?1- liuHrj . CR . Curhut. .1 . J„niKh. R., Ncmnl J., ynd T 12001 j. 

Hurip<ik*i pfrm crili; biotooy a»d ippIluilttiA. p-prwpp.i, CO. 

1*2- l'-S. Drpirlntnc „rFPn.lih *nU Human Strrita. iMMMk Kfjmri 1 U Cuiiejt» 
a* IV M»Uf «r UmWVml Cnrd Mood T IMI pk* [Ml 'n. 

1*3- Kupen fiC, F'J^hOp PJ. Fh»nry DG. Mirrow uron.Ml rclls m«riH 
■hKuuMiF (unhniB ud nirbdluB, ud i.hn diffprrntintc In1n ulrunn alVr 
i*j«l|nn, km OHDIUj *„u H bnkm F™ Mill Audi S*|. |! SA, I W; *k tOTtL- 

Wnndbun L L ^h»*^ F4. FnKluip DJ, JUkU IB. AlEnU rp| Hn d hnm» 
baM urwnt «iitutiri etil» ilifTerenliili lah B«UAjh», J N T umci Km Al' 

1*5- Qnlnft, rJ.F. (IW0>. TV tlinkjj u|: ,1 ..„ ..r <V || f nflinE <«hilq«* ln 

|»ti»Uwllb Parblw^fllMM fr^ Bni> Rh. Hl. MV~4b. 
IW- hnHlt. S.B., B^rUuBd. A, *mi E_i-dv.IL. a {Mdij. Cfli ikrp,,, ,n 

r.rU^.D', J lwwi «a r irp? NU. RvTh WmtwS, i, 
E K- Dckh, T„ Stfcuat^bf r, J„ Dlnmanv JL, Tknia**, t., JilVer,. ?u, KntL K . 

f4p, A„ FrnwT, D., Kuibiifcb, t< Dm^nl?, F^ ■ndf Cucu*, (|. f|W^. 

Ilii4nluf!ul nMtiK-r uf rirml p« nc-yrul nil miHhil »rn. r I ninsplaalBUDn lain ■ 

PHtirnl wFlh Ciriinwa'i dtot4M, Nil. Mrd. 3, 3SO-J13L 

IMfi. ^hulll.lbfr, .1 ^|„ ElliBlv Ji.A^ f||aW n EJ, KlUt, IjJi., IjlKnilrfT, J , 

Drmpitj. ?J<_, fiMtiiu., *,..)„ Ihomiis. C, tttJniin, Hi.., KusiuMb. S., 
AmbKff, R_ Nnahirt. Cu, Ftauey, b. FlHk, f.S. isi [ucut, fi. 
TruR^plaBlBlio» «r tnbnHlc p.rrinr miH«Hf ptutllo ituiir iri jiniw nn with i 'M 

i,ifiiiBh h tw-mn. 

ir>- Ln, S.El., Lamtliln. .p^rr, L, ilwfbacb, J ..M, *hJ MrKij, H.D. 

lllUWl. h 1 1 1 . 1 1 1 1 1 ^l„. r]||,i.i „I m i.ir ■ .ml Ihnin ||. IIH h-. \fj ., 

rmlim unit Hem it\h. S±t. IHriUtaaL 11,675-47». 
100- kil.B.n, 0. 4204IJ. OIIkH.fi t-nihb-yihinu u . Ih— Bn *1h*r aLwb 4^h* IW 
ipta-J ™nl injurv* IW*;, t, 3» JT<. 
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M I ■ Ilonmu KM The pelenliuE «r DMlirapruiiiiit iiir fulEkk Hrm *i-lls ia 
> H » Um» » Fip*n npl. BI» Ther. 2»T jr;7l J)i3».M. 

Ml- Ktai SW. Hm K. Ctaw CT. Ia 5H, B* S. Vw« JH, I VS, Uc K S, Pnrh 
BK, KHt K& SkomM Rm «U thrup? umhc hkNIImI twd fclMtdtfKtd 
Buhiputral rirm tv\h fur Lfurrgt r^i diKHW anu bcfarmk limfc dinait- *niml 
hhJeI. Slc™ C*Ii. 2EB6. J«n-14(4J:LfiIM. Epub 2»6 F*h U, 

IELJ- ZLunp. Sr, I J XJ, AuiA'm Johnwin *E. rinlir.i1 j MT . II urain erahrvnnk ilnn 
«fe fof hraln m-pyir? 11,11« Traw R !hw [.-nod B Gu| $cl. Mn2 Fib Sjj |J.ptth 

:ihr:nl ■! pr iill 

MU- Mcfc TA, UvIh SM. MuHfrtntkl uh c+ILi *nd prapnlnm th m 

145- 4hnud ], Ty»j! I, rk>m H. Idt nliliulicn nfM.nl pru Et -nif i.r> in ihc nil uli 

«■■Min t\t. &\<Khtm b^tRtt Commw. NWApr IW7HI):?n-Z1. 
IW. Zhuo \. L.iu J. Ah nud ]. Di IJl n nLial km •: E cm hrj mik M h m csILi inlu retina! 

mwnnt Biiwhcm IhtiptU'jt Htn l'inam un. 244? Srp 20.;2 D ^i.2.i:l".W. 
2*T- FJlMn E, Otaltnrtff A. Meimu V, Himc I, Rtinhanlrj F. r HLunln l'. Ben- 

Elu r T, KruMnolT BHd ii" I ' «i ■frpwurkin 4 ml ilUltrOIHlmlCHi irf Mini pfffunOH 

dcrhfd frnra. bu mim «mhrYiinit sEnn (tik Slira Oli* 20« KfbiltlilclW-F?. 

F.puhJHUI AugJJL 

ik-jM iv, h:,:, Ml. M:, ■„,.,!. .K. k i k MH V-,n.,l ILfbnai.inr.n „I 
inguH' uiifcl'ttnlt fftltt «Bt E* 'k H K AR4 flCt*f lr*#JpJm1iJ<Lii* mui cy**. iif mabut 
mke with npid misil dcgincralin. Bnin Kvl SWH J ul E*; LOM (I -IN; I J I -M. 

2tf> Tft'*b. RuHun KwH.n-liL'rvKmbnii Sk-m Olb C>h Krpurr KtllM. Konii: 
L'mbiliiHl SbEO CtUi To Be ThLhI Fh TiH<nnt *T BlinJarn, 

II»- Cbxka DM, Pb* ,\V, 7.biu S, Jua J„ Hkatlichirvi S, AfaaiU L 

I:„. i.,'„, .. «i ■ : ■ f .ii.hi r. pnr:iri.in in.l 

dlfftrctiriirifin ..EurHfiinl tvlh m t h u Min*, r t'bhM AM:-UiST|!'W-44r 

211- Sum ii t Aumi H, Okm U, KomlM I, Kj««kli M, 
Jirlinnl slcm.'pi-ngcnrltw prapeiiLci iru piemtn.1 L'pHkliil nih. 0*t BiaL 2004 
.\m hW>\ I UHl-fl. V piih 2 rm? Nrn 2H. 

2E2- tbarkric >l, L'M>|Mr. Sitiit Cvll ktMMck; £wi Shw Kdr FnIWftt Sitm 

CeIIi KiiJ Enhr^uaic HU'm C'plls ia Ht|;unL'rj1ii.f FultnEiil (ittic IVni|n 
W«kh. 20O> JjUV M. ■ (KhhBi-hiiii) - fttMorchtr. lui t-. ,i i^ni j i 
AilKMttf, I*h San l'l^ CaHnh AiEtC*n«t, Ik. «SM»-2?M 
^ll'f unLirj nL^criLvm 

1 13» Soniii T 4 Ludbd C ISMSK "pSJ muUtiua bcEcnigrnEity in cinctr". 

Bkwhfm rtlvph^ii Ra Coninti»^! (3)! 
2H- ^acHBbtrr» PJ. The iunlinunm mmlvl mI" niiirnrn ittm lvII nual^Einn. 

fitiT Gpin IffmHlnL 29H .Eul: IJ(4jc2 1 Ck!L 
J t?- SAtm odl» I- <fc* itln: *-«1e «t, W*1 tn- Uun Alon» ind FIiuk 

FKb, Cf nr* flftd LifvdepMil, 11 0W) H «M Mfc 
2L6- An L-nCirt TuiKtiihniil niMmmun qlniiil utimi timiiirfM I h'.' i'i^Tri? m" a l\#gk 

nfl, Eri Eililb C. Kurilon and (iilherl II. b'mHb, lktclnpm<al I25JEW?), 1911-3«. 
2 1"". lilcBliEtcaJtioD or i finctr Mem [«II ia buram brain Ittmon. br SaiEh K. 

'■uijh. I j ii 1 1 f l.irU-. Miyuhik ■ Imm^I.i. t ic ■•irisi F. li.ir.n. i i nrhij H,i«l,:n*. 
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j™ 5qiii*. iri P* w r it JJlita. Om* Rt*cs*h. ». U, (S** 200}). SBi, 
sua 

llfl- FrwpKlii r idmUlcaritm [umnrigcfek lw**M «btir nlfe. b> H uh* :„l 

Al ICiji, M* S- *kht, Ad.lfc*r*D Ttrnlbt-HiMMdrr, S». J, ilwrltfB »d 
Hifiwl F.Chlh, PmcHdi^ (.^Bf Nliun.l A<d»y^^ l«tT,(Jl.41 

2 1 °- Tam n n J n J 1hrih ttk™«virnnmr*te tflttf (h ml, bj JaMlhg* fl, -fhi-nc 
A I - H. Wilnrr, Cliakil Tuh* R tuan b, (Mn JMj'm 

J»- t*m «k, encrf, «td rtbnr =Etm «lli, hj TahBttlkt Beym, Sen JL 
SJdttImb. IhliMlf, Uirkr A lnin E W(bimi.,|¥ alBR| v.j|4,tffo 105- 
|[|f 

231- ScB Ji. Slfm lJI ,„,^in ..f cincrr inil ,l.ltr^ nCiiliun (h[tip>. 

CriL Ro Onral Htnilal. IW JbI; |-JJt 
Ht Hliplllv It i P—k. P.P. (| W), Atfdr ^«lupwnt .ad i R liK, ft* Vurk: 

^ ShRlKHim. P, E„ Jj™^ S. ud lt™n*M. |J. I. |iniK 

d<lfrmiR»i|.id «f hlanurr li» in Lumu,*: j i«in Muih oJ ma „e 

AmmcBB JaDradafHimil Ofcttn SfeSTU-E. 
lli- Ffcwfi |, Brtnnl IL BIkkc MA . ItfcnitniH- n:uL(iun ind iwm 

l>rkjiH»r. Curr Opia C*U R»l 2Wt JuH;]D(3|c3SI4lL F.pph im Apr ] T. 
k'jrMrr J, SaMfsfznnki A, ttf [ap T r Sf IKwcbcc inrfaccd i 

H-ir-mm >\ut*, nnl felanitr? buk Vkn™ tKHtfW;244fr-24J9. 
1» fcnrart SA, B« Ponife I, Cim VJ rt jL F.ttlfet <rf Ih Iriwtk BDfk. 

■iran(t^crh«hf| il npIkilhrirattmi^Nwl CflhH !DflJjJ3:«> 4«. 
H?- Tbr fi|un ur 7000 m* b jlv*n tn Chifrs MirtiB. i<uoc«l k Auilud. S, 

(IWT)l WhjrwtJijjr. Juhn tfr*- Vacb. 

Ihrimui [rtigcr , f.ihnc-li hVpnriiMt- ind Uawv l«* !«?„ 

RltiIiIIdd nf tanutonflktk mm »11 n ■ rii o bv ■ JLi&wil ff ntlit * IipwbI. 
t» V* 7jU C, UlU V , Tfc* nk «f Ml- M |h In w tip Hf m.ht J (KU 

Ut- MHtr A, Vmm 7mbI fi. ^.d^M» Ih hrnnr#f«bk Mtm ^dl rtmrcft 
Cbmufl kw E-fWlKl, Curt-Upin 1 1 e-bu 1 n I . JtHVi J* I: F Jl4j:204-|4, 

UI- Ptrrifll J, Hawr, Dmid Itry4»r. J Ku* M. £ifan ], llnril, AMciHB, 
Urberci Smd K Aa*» J, Wif^l , lod Jmiq I. N^mun , C(i BMriuk 
illcnliw 4 MltNl b«rnilopot f lio nll ««.ns P?iAS ' Jbm B, l»f i ,.|, 
Jlll «LHiHn-Min. 

UI- U.- y. I. i I. lUlEiri F. J^nnl MF, Efflbr>*alr item «lir •» poawlblt 
Ihi-riph rurdcprntraliM ,lr^«s r|,»| mITlcI M«ft p^plt, J CflHM A t? k J Sri 
Mrd SnL JOflJ Hur^Jj-JlnjjT. 

U J- Mnriwn.I, M.rtil.lMS.Ai 

234- <M|)I.:^ihtj 
US- Ih uu- nf hk iii LL II lr4*tfdtlliUi9B u ■ ImbBHJ ^ *V*Z dnrtsv ?»n tv 
*IbJW Ih 1 KltibMt nT Ei Mktael Mn|»ar, M.D, "MC* C<l TranpLiBti&M. ■ 
Iriltmik nf!ilrm ( v\\ ri»p|ihUtkiB", In br paUidHd b} Mrikll At4 

Japnwrini; rubfcrthm, ] H|| ^ubb^ob, P.C^ ni HtUtTJ I K*. Ebt Bnr 
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U*. Jnhm,» J, baal» J, SkaiaJk-ttlkW M. MalU CL Miih.ru V, I K M« 
HK, titi? JC, t"Wn ML, Furhrl K. iKumini 1. MudJtB DI. nih Jl.. CJwvlt 

HL-ntTl ll-in <n bllljfl III J ffillldllia LWlrtt» h', pUJulliL ■ ^rrjn ltIU i r. I mjrniu 

□ gj pwlpbral kbML r* JW5; I K; jnw'l 5. M; IP.ltlfrj.Lrll.IW.LKi.Wl . 
UT- Jnbuoa J, Cidhd^ J, Kuelu» T, Pwm JK, Tllhj Jl_ (.itraliiiL- ikm L vlh :iml 

falllralar ranmal ln ia* [iimiijial mamnoliaa n«-j>ry, Nilirr- IW4i4H>; L45-L56. 

dam: Hl.lW^iialuriHiy I h 
U*- Baleirafcy A, Curile MIL UvHLIbiwb M, t:plhyi>i HHL Dri^l» nf pm, 

hIU jbiI rniiiuilun iifni-i» |inr- jn r- I.K-U-» in ailril huaaaai nhirln, Brppjd BU, 

20W;J:Jft dofc 3fLlLB&j«TT-TH7-l-HL 
2.29 ■ Ih"IIlh Kii. ■ .h r i ■ 1 1 1 a <.- «itu <r*i ia iHl- pnlnuUl nvpp: qi j h i' nYary aacrr 

hU . r#U»7 Hm Fknrrrf VpdUt, I0H:]*:]«-lfl5 
140- lir*! LC, Cu T, Bfertri SM. f**f Gq, IH E St WmH" rMcmMr af|*a* 

f Ii.-ililil\ Iii jIiiii nl-j iniliriiliml mu™ >fl»in|n p mil*» ^ [H a nih. Aait K 

T. JOIm[*[Cjm«.iI. 2WH ».M. + J.-;>-.tHhb 
241- bufeMUt} A, ["apu ]', Vatanchl i I IWailal and «niijlp Tur !ht 
i n :ii mi r. i af utarian ■nr>rtili|v aad Ltoccarralin dLmow wrtfc aah li ajut oYarlan 
■ha Hlla. Iluaa Rt-prud. lIHJb .lpr;l I MjiHS' ili. kfiub 1(HJS Um lft. 

311- N.JrtfHl. K. Li- JH. Ih,u,. nh,imrr V. S.illr J, Yhi.tN;. [hrrv.H,] H 

J, Enpil W, Ihimutii-n v\ mjh c* m <tfe r™ bn» iirmi mm «Ih. Lib 
Urai. Ha* Mujr 1 4 In prlmk 
J 43- Ltr DR, Kb KS. Viaa. YH, C* H£, Lrr »1. tkan» TG.Cb» Jll. fum lii, 
V*]. TK, £k KV. fcuLiltaa «J «k e*™, tirai c-ll-liht Ltlh h» loilvriar 

iev,w nr niin-iilihiiiii ii-, i :i. ■.|ii.nnpr puinl» and drlff nrHialio* lain aiploid 

malt tTDi «fa u rtti*. Mtproa EShmirt! «silat. 3 MH Stp: 1 1 [1| JSJ-*. 

H4- h u hrm J r, n 4 !. r h,- m :il h, n nf pi r m Aril Enfita BHBTf flibuH Htm nih in 

<uHu«. Si» Ceb Dw. JOM Pthi E4| -i. 

SffilHjliJJl.* 

146- Nap ZF, [.tutaic CC Camat fi, «I L x .1 C ho Ih» „i. 

3W5 Jil:IISlTl;inMi|. 

147- Chiritnr M Cwpcr. Sucm Ct\\ Vbatarch: Data !ia*n llalr FnUicIt ^Itaa 
Ctah lUvil llnhiinakE tsttm 4'elb In KiteMmK* Ibunda! 

i irnr r-JfiH h\ i vkh . ^ J d S ih - | ^i vi <*\t l.i iim | — N i sra i i'hrn. Il-iI hi p li jm 

ue Ancil j n s L r . I n l . . . . > . 1 1 1 . 1 ^ i lt : ■ ■ . . L jlilhrinu i,n1ii. j gcut. Lnc. $5A-4)4-3j^ 

:h 1 1 uji liLj.niLi.Liim 

2 4*4 Summer C. ■ hi-Lhioim* nf raflanunn ittm stt DkvtiDpnifaL 

5*l STKI. 2[H1S H: 2Klr42^^pp4I, 
14* Mhrrl Di, rjuiwtf JTBL EMb IK Hvra A, Mcnf ■rVTfurd 5, Outf hntj S. 

rnrhc41l A. GiiiWtU A. CbaipkiF nmbwaa. uf abrmia unh-rnatii *ft<r 

alLDRCKlc hfniGH.p t «^ Haaj «d Inaialubtk». Bfa»d. «** JU> I0«S| ll:4lfi- 

7. EpaiiMW Aprl. 

1MK Sdfcrl i, .\mahnldt F, PaJu» M, IIuskjd l', IMurl A, Baimla C Ur J 
fenppilMl, IVcnlN-l » Mpmri « mpllT-|r«n ««h »rbi r r,,lli,lr, ln d -i E hi 

I H T- D I h C n J ll ih[if rtlljCJL&Ci^lUC fcpf lll ,,r lh I 

Hio 

UL- Naiasldma M. AkamlM A. Tb? appficaltMi irf Idif <aEJwtnn R b 
nttcitrBE&n i.l pxlp mJ Jniclri In t tiUimiinci:!. J I ndud. !U!Oce|jlll(^;Tll-S. 

3jj- r. iJiniiiiiii, i ..s': 1 1 lj u i i i i • i . r. h. inu-t, j. n. m. n ii i j.f, v«*mU n'! P.[r. 

Vtftfc DwenglnMr*d TmUi Ihn CgltarrJ Hal Tncba B ud Cclh. |J Dral R«| 
MM Di fU-f2H 
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153- Sro B IH, Minri M, Gronlbnj S, Birluld PM. ditoult S, BnUm J, Voang nt, 
Knttrh 3'C ;. h 'i u 1 1 ^ 'l ' "'i . Sh i H I i.m ■■ lijMrinn uf multipcritnl pori k» lu I ilEm Efb nrnm 
human jttrlmlenul ItpuntriL. t-inrei. HH4 .1 ul 1 1 1-1 li;.]A-K'.43T| ; |4*-55. 

2S4- TbnhfT I, Tu»m*n M. Slem ctJli ami i&iuv cn%\*ttnn# a^tap^to tur 
rcntmrsImE (iwiin u dtaul |.i:uIili. 

Vltd Prf** m«. 2HH;1 1 &4h|H I ;«-5». 

253- ZerWni 0, Ptaannil I, hteAnU A„ MTAlWfikh U. Bunrhi (i Mnn tdli 
■>d Ibt kiJnrv: ■ n n*- thrnp*k ioaL J Aid Jirtt ISi^h.,,1. HM April- Sappl 
2)S1 2M, 

3*6- A h^-i l', Fvrinv M, IW Prrlt D. T™ib> E, T>rr^r™. R, D Anitb, A [n 
»ireh al dU ul: 1 uul <.lr,M rrllv J t VII Wol M«J. 2*H Ucl-jhcjBtJlGlTMT. 

15?- ScbEDi FP, Afchsnttu MH. St«ft «fcl ItfthilKT mrdidnf iwJ 
mphnhjy. J NtBbni JMJ Nm'Dec; Lu SfepfJ TiSJ-iL 

ZSfl- VJrtw T. Uhufci T. UbuBcrm^i V, (Jfcamirin A, S«r«ki T, Kk> jRp Tu»ki 
T» X«KWI«ni T, Hlttvi t. tivnv ihrhVry miris namun suni bhod-drrltrd 
CDJjViilh; iMo inflinutl jtoniri uli 11. W lll KHn+y Ini. 

JnliMCdMLH-? 

159- Hkinh 5D h Ihw JA. *Jntl ih- ulb in nul Injir. ind 

Hlffcrahe- 4t'nr1l*D). HH Jin; J 0| 3-1: 1 T *-H2, 
IMU H#H/lkhgif |], KAWI (L', Miku*! T. a I- A *q 11 C i (j; WrliBCfibhr mRMM^mr 

■C 1 1 dr I U I TiH 1TI 1 1. 1 J N V\ 1 11 E t& t m C 1 1 1 1 H ^fa i Ptf l"J3 £ bsh 

L>vrlopr«*«1 1 14; 565-572, 1992 
Ih]- ^nubni f, 1'urinu M, M Prrlr D., ToMr.Hn f., TDrnfnmi R, D'Ai 
A, ]■ ttgrdh *f Mhll hnfiUl awrtl nnV J C'ril Hal MH. T-1DM DcK 

242- Wutilf ASl hZplibii-%hunrj« H. JIjuiIbui. P, Aadcrmanktr I!, .Uurb' C . 

Fmr LU. J*l FH, ttabk M IX iihtnnii £: Rnfri oJ fctpilncrte gr*»ih 

Tm (■ 1 1 1 ■■ ■ s 1 .* 1 1 1 ■ 1 r jh- i 1 1 r unil ihtr mrl miplur in Ihc ririt ahYEliipwaL nf bW 

■■toiptw», J t'rll Ulul 1 2il; HI-IH, 19», 
3SJ- Ijitu: J, kftltnStl J, B^lfflU J. KH(hi» PDI Rrrrmbfa prafirimm in^ «.r 

[iluripolc-n: idl dllfhrtulLUlfl*. J S*l 1 13: flSM**, 2*M . 
2M- L* M»iitrr C. Barbier C, Tnllck M.SpU^ml JL Rlrlt 13. Tru H, AHa^tr 

.iil-iii-.ihii i.l h -.hIIm h. miv- m „ r 4 .hm,| laiuni". 

reflwfl jddI *llfrtj**flL- liLinuu.|Hiii,iif Mim i.tB lnin»fi|inlil*4n u 
iHmmrtbcrajiy brnul nllcircIoML Md M*d. ilHW l'eb^Tl{2);l«|-S, 
JhS- Khrbfi V, IWpr K. Wj| IU n l'h. Slrikir G. VigncHU. T. Sltm ciftj and 

InidiiL-;, 111 ju 1 v ( 'u i r i :■ 1 ■ ■ n >t|Arnl H rurrl* nv 2Wft Mmj :3 5| 3-1: Ii5- 
W- SMoiHM C L**n**l» JC, t'litwu? n M. Vr H Bln^ JJ. HnrajulB S, J Am Soc 
Spiral. UH Jumim-MML tftat, 2Wt A pt- 10. Htm^upiklir rirm «J 
mofailiuban Ibfnpr o«ckr*CH rtwfFi (rf nifll ffc»ftftl hHknfnu>Dl uf iLim 
»41 Donlrihuiiaa. 

2*% UulTicU J. ElnbinJkM uf lihuhr *pnfarli.l »|b> jHrlng rr|BiiT «r Iht 
puitiirhrmit kidn*', «cun Indtpndnlh' uf hau m^w-«H^ *[*m «fr. J. 
flin. li'cri, IW5:] ] 5; |T«-I75*. [M: Ld. 1 1 TtJCIll St J 

2*S- SlaftjniiB G. Lnaiiu Jt', CIbrmb N, U'KBinfc JJ, Plnrajula S. 

lln-iJl I 'l ■ *li-m ul 1 1 1 - ■ I ■ i I .- ; 1 1 ■ : . ■ 1 e I ■ . ■ ■ I ■ ■- .kukl.nii lni'^i. I 

raaniaa indlcpwdfni ef lont b 'rll «uiKrltmtfM. J A« Sor I*rphrtil. 1005- 
J«n:lu1*'|:l*fll«- Eombim Apr ML 




'a^claJI'ft. iItII 



269- Un F, Mim A. Icirehl f. Jalrarrnil <cb, ■ 

n Ih mijor uum for nftneraihiB Ih |HCYihA»m«r kiiliTv, J, Clii, 

J Mi 1 1 1 S: l7Sfe- I7HA itu: ULI I Ti'.rf |>J4| 5, 
17t fifctr J.*. *,IH| ™P p|f m «II* J i-l kdiI «pjbf iyrr Slpti * r |,l,r„l 

H>Pfr»tw. »WJinrl3(l); 17.11. 
171. Oifc T, VlcHoki T, l<Blv.m, M U B. minwr 



l*i.IW*J*n*J(flrJ13J0. 
W*- bu ID, Mdb E ib NF. Uh L TkW SK, > MD] D M. Schrr DS, I 

U. IkHiwd .tprv»- *r i br hy*H rtn «U ■.rkrr, (|UD| lu hch.l 
^(«(^IWjjp™: WW WfcWlPg ^r. Kp-I, J«5 Dw 11 

I F. Cliriw Praptrtivt Iduli&a^oB ol lum-r^rniu hr™r 
I □( Llrf \illnll.l ACMkflU „r (irirnL-*,, |rtH:7. , April 
IftflJl, JMJhWtl. 

m- iH^i I. lt.Lxr B f, fhonn H, Vi ■•■.nihili.- yt.nm, IJumu J. Tmk** 
t"iin K mmu l,.™n„ r H,kiir* l rn «II viwi, Htpn HtdLlMT NnvilWih.MIL 

375- Adkr -S, Frfcur C. Jiaren^ I . Murung I . Ilrtmtr .H. Flm .ir,,. i. 
ndblhhtii n dn-rinpm(«lil mikWv imc Mt:bal fcwrl nn Immji vmbnunir 
tnem lvIU. r ...u-„l 1 n Y lm,, Hff} Srp *j |Fp*b ikut 1 ^ prinl| FMID; jTMl«J 

27h- l'i.K mi.ni|Hii!|iM M, LzmlaB C i L*rnj E rt iJ |IM"K "MniALk* ■* ihr 
■ Ipha ^luckin et-nt tdEiiintd Ih iinillii.-.. miiIi 1'urLiuhim'h ilkrmi ' ■icirnrr J; T i 
tfSZlV. IWS-7, 

17T* Z*uf C. C. Snwfc V D_, UndqiUI i J_ Latai II. F: Prw* prrtpti b 
*ipre»til m 1 1 g->g.<nkiin|; lli m^iii|HiH-iif iDpm nlb rr4 w imp"r£iBl 

Hir Ihnr wlf irnrw.l. Pm. flii. And. Sri. USA. HM< 1*3 rllW-IISfl 

278- D< SoiM FA. Optimlnnt rti[ lhLri|H-Ur|i '■Jjrr', nr llUaaiti L- 1 n N 1 1 n I L' hli-rn 

ttMh ihrotjjh ibt nabii r iklwil ruhurr -,i.hrrm-. »ppnrtinR llrir iwlilinn. 

F.lprl r j 1 1 i n llinl 7 k* r. JPfti Jn n : hfh| "SM -|, 

m- U Y, ItmU S, imtit 1-.. I.dtowikl I, lUbdiLmi H, t'i.pan,lnq «f 
kuini* «pjfajnfc KM MM Ih Aribtl t *n« H- ppmll-m dcruid «f itaBaJ- 
*ri»rJ prwlwbh Bn««iDPl DIkhr. IVti Stp 1U;9J lijiiifi-'+t!. 
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4£j^iXI pJLc 2J.uA.im 



. ^ 'W A *L*]| jjLb j^i ^ L>La JjVl JJuJI 
(^ylaij «LbLSill (j-o SJl_l>- ajLaJ i^jLill Jyj>2 (^Jl 4l..i li.ill tfjui <-3Jl£J 
4_L^LSiJlj ^U^Lill cIjIjLuJI diJl^Li 4_kjj i_£l!ji£j i^jjtil j-j-«-=>- 
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i^jl + 11 Jl^J 4_uLijijyi t_tj| j_j>JLi a " ih^l £-a) 4 j <i j j U'ill 

. 4_p-jJjJc£ji! I CjL-u!jJl!!j 
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.^UJI olaJI ^ Jjlj j_uL j-al I JL^B 
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«GLcj-tisj—aj i_iLjSLII (j^. 4_j_blj 3Ji_l1i 2 <j < ^> * (jjij (jlj n La i ua "t I 

Ajj . y* e. A -r- , ,, I Jjjj^j 4 <1 ">-^-jJI 4-IL». • 43ju>. (_£Jl— oj 4"m <i ihlj 
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ij^jILjj^ jLljJ 4jI o 1 1, o -^j i_iJl Lflsj!j^JL_a i— aJj <i 11 3L_sl£La *_9j 1^3] 

(j^aJLll 3Jlj>.|jJI 4 <iKll 1 1 iil'"i (jj^ mi f JJljlaJ 3l_al£La jn^vjJLailj 
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